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Forew^ord 




HE Cyclopedia of Drawing has been prepared with the 

special object of giving the beginner and the self-taught 

practical man, a working knowledge of the principles which 

underlie all branches of drawing so he may know how to read 

and make drawings intelligently. 

^ The importance of drawing in the general plan of education is 
receiving wider and wider recognition. Few are the public schools 
which do not now teach it even in the primary departments. It is 
the universal language in which the peoples of all lands may com- 
Miunicate with each other, — and it is essentially the language of 
the architect and the engineer. Through it he communicates his 
noble designs, or his wonderful inventions, to his workmen for 
execution. As a cultural study drawing is of great value to every 
person who would lay any claim to a liberal education, teach- 
ing symmetry, beauty and exactness, and training the eye not 
onlv to see but to observe. 

*L A broad knowledge of drawing is therefore of vital importance 
to the draftsman, mechanic or young engineering student who is 
ambitious to advance in his chosen field. Unfortunately class room 
or even correspondence instruction is in many cases out of question, 
and thus many promising young men are left entirely without the 
means of gratifying their ambition. 
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eiwi of eacli Bt!Ction tlu'iv in an fxainiiiiitidii tii test tlie ivader'n 
kiiowMl^e, thus (.■oiuliiiiiiijf tin- a<lvHiitages of a te\t liook with 
H referfri(.'ti liook. 

^ The iiiatniction |Miper8 coinjiriairij; the various sevtittiis are jire- 
seiiti'd ill exuctly the aaiiin fonii aa thwy aro used in ai-tiial iristnic 
tiuii Rn the jmrjHi.sti uf tht< work is to bring to itu'ii wiio i-aniiot take 
a i-orre8|)OTKleiiee course some of the Iwnefits of the American ^choo! 
of < 'orrespoiidencu instruction, am) through them to acignaint tli€ 
ptihlic with the iiiellioil and high standing of its instruftion, 

4] In conchision grateful acknowledguieut is due to the staff of 
authors and t-ollaiiorators. Without the hearty oo-ojieration of 
these men of wide exjierieufe and acknowleilged ahility, this 
work woiil<l have l)eeii ini[K)88il>le, 



THIS VOLUME CONSISTS OF FOUR OF THE FIFTY 
REGULAR INSTRUCTION PAPERS IN THE ARCHITECTURAL 
COURSE OF THE AMERICAN SCHOOL OF CORRESPONDENCE. 
ARRANGED IN CONVENIENT FORM FOR READY REFERENCE 
BUT NOT IN THE ORDER USUALLY STUDIED. 

THESE INSTRUCTION PAPERS ARE PREPARED BY 
ACKNOWLEDGED AUTHORITIES AND REPRESENT YEARS 
OF PREPARATION TO ADAPT THEM TO HOME STUDY. 

THE . INSTRUCTION PAPERS OF THE AMERICAN 
SCHOOL OF CORRESPONDENCE ARE NOT FOR SALE TO 
THE PUBLIC. THE PRESENT EXCEPTION IS MADE FOR 
THE PURPOSE OF ACQUAINTING PEOPLE INTERESTED IN 
DRAWING WITH THE THOROUGHNESS OF THE INSTRUC- 
TION OFFERED, IN THE HOPE THAT THE OPPORTUNITY 
FOR PERSONAL EXAMINATION THUS OFFERED WILL LEAD 
THE READER TO CONTINUE HIS STUDIES IN THE SCHOOL. 

ALTHOUGH REPRESENTING ONLY A SMALL PORTION 
OF THE COMPLETE COURSE. IT IS CONFIDENTLY BELIEVED 
THAT THIS VOLUME HAS SUFFICIENT MERIT IN ITSELF 
TO MAKE IT OF IMMEDIATE VALUE TO EVERYONE 
INTERESTED IN ANY FORM OF DRAWING. 



EXAMINATION QUESTIONS 

FOLLOWING EACH SECTION ARE THE QUES- 
TIONS OR PLATES WHICH CONSTITUTE THE 
REGULAR EXAMINATION OF THE AMERICAN 
SCHOOL OF CORRESPONDENCE. THEY OFFER 
THE READER A MEANS OF TESTING HIS 
KNOWLEDGE OF THE SUBJECTS TREATED. 

INABILITY TO ANSWER THESE QUESTIONS. 
OR TO SOLVE THE PROBLEMS. WILL SERVE TO 
SHOW THE NECESSITY FOR FURTHER STUDY. 

THE READER IS URGED TO SOLVE EVERY 
PROBLEM. CHECKING HIS RESULTS WHEREVER 
POSSIBLE WITH SIMILAR PROBLEMS IN THE 
PRECEDING PAGES. THIS WILL AFFORD AN 
EXCELLENT MEANS FOR FIXING THE MATTER 
IN HIS MIND. 

STUDENTS PREPARING FOR COLLEGE OR 
CIVIL SERVICE EXAMINATIONS WILL FIND 
THESE QUESTIONS OF GREAT VALUE. 
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FREEHAND DRAWING, 



1. The Value cf Freehand Drawing to an Architect. Out. 
side of its wneral eduwitional value freehand di*a\vincr is as al>so. 
hitely essential to tlie trained architect as it is to the professional 
painter. It is obviously necessary for the rej)re8entation of all 
except the most geometric forms of ornament, and it is equally 
important in uiaking any kind of a rapid sketch, either of a whole 
building or a detail, whether from nature or in the study of plans 
and elevations. It is perhaps not so generally understood tliat the 
training it gives in seeing and recording foruis accurately, culti- 
vates not only the feeling for relative ])roportions and shapes, but, 
also, that very important architectural faculty — 4he sense of the 
third dimension. The essential problem of most drawing is to 
express length, breadth, and thickness on a surface which has 
only length and breadth. As the architect works out on paper, 
which has only length and breadth, his designs for buildings which 
are to have length, breadth, and thickness, he is obliged to visual- 
ize: to see with the mind's eye the thickness of his forms. He 
?nust always keep in mind what the actual appearance will Ik?. 
The study of freehand drawing from solid forms in teaching the 
representation on paj)er of their ajipearance, stimulates in the 
draughtsman his power of creating a mental vision of any solid. 
That is, drawing from solids educates that faculty l)y means of 
which an architect is able to imagine, before it is erecte<l, the 
appearance of his building. 

2. Definition of Drawing:. A drawing is a statement of cer- 
tain facts or truths by means of lines and tones. It is nothing 
more or less than an explanation. The best drawings are those in 
which the statement is most direct and simple; those in which the 
explanation is the clearest and the least confused by the introduc- 
tion of irrelevant details. 

A drawing never attempts to tell all the facts about the form 
depicted, and each person who makes a drawing selects not only 
the leadintr truths, ])Ut also fncludes those characteristics which 
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appeal to liini as an individual. The result is that no two |)eople 
make drawings of the same subject exactly alike.. 

3. The Eye and the Camera. The question immediately 
arises: Why should we not draw all that we see; tell all that we 
know about our subject? Since the photograj)h does represent, 
with the exception of color, all that we see and even more, another 
question is raised: What is the essential* difference between a. 
photograph of an object and a drawing of an object ? These are 
questions which bring us dangerously near the endless region of 
the philosophy of line arts. Stated simply and broadly, art is a 
refuge invented by man as an escape from the innumerable and 
bewildering details of nature which weary the eye and mind \\4ien 
we attempt to grasp and comprehend them. 

AVithout going into an explanation of the differences in struct- 
ure between the lens of a camera and the lens of the eye, it may 
be ace>epted as a general statement that in spite of apparent errors 
of distortion the photograj)h gives us an exact reproduction of 
nature. Every minutest detail, every shadow of a shade, is pre- 
sented as being of equal importance and interest, and it is easy to 
demonstrate that the camera sees much more detail than the human 
eye. In any good photograph of an interior the patterns on the 
walls and hangings, the carving and even the grain and texture of 
woods are all presented with equal clearness. In order to perceive 
any one of those details as clearly with the eye it would be neces- 
sary to focus the eye on that particular j)oint, and while so focused 
all the other details of the room would apjR^ar blurred. The camera, 
on the contrary, while focused at one point sees all the others with 
almost equal clearness. This fact alone is enough to demonstrate the 
danger of assuming that the photograph is true to the facts of vision. 
Again, a photograph of an anticjue statue will exaggerate the im- 
portance of the weather stains and disfigurements at the expense of 
the subtle modelling of the muscular parts which the eye w^ould 
instinctively perceive first. 

Nature, then, and the photogra])h from nature, is a bewilder- 
hig mass of detail. The artist is the man of trained perceptions 
who, l)y eliminating superfluous detail and grasj)ing and present- 
ing only the essential characteristics, produces a drawing in w^hich 
wo see the object in a simplified but nev^ertheless beautiful form. 
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In looking at the drawing we l)eeoiue eonscious of the subject and 
its principal attri.butes; we conijjrehend and realize these with far 
less effort of the mind and eye than we should expend in taking 
in and c'onij)rehending the real oh ject or a j)hotograph of it. Com- 
pared to nature it is more restful and more easily understood, and 
the ease with which it is comprehended constitutes, the psycholo- 
gists say, a large part of the pleasure we take in art; it certainly 
explains why w^e enjoy a drawing of an object when we may take 
no pleasure in the object itself, or a photograph of it. 

4. Restraint in Drawing. The practical application of the 
preceding broad definition is neither ditlicult nor abstruse. The 
beginner in drawing usually Hnds his work swamped in a mass of 
detail, because liis desire is to be absolntelv truthful and accurate, 
and the more he has read Kuskin'*^ and writers of his school the 
more does he feel that art and nature are one, and that the best 
drawing is that which most successfully reproduces nature with 
photograj)hic lidelity. It may l>e taken for granted that a drawing 
must be true; true to nature. But truth is at best a relative 
term, and while it may be said that every normal eye sees prac- 
tically the same, yet, after all, the eye sees only what it is trained 
to see. It is the ])urpose of all teaching of drawing to train the 
eye to see and the hand to j)ut down the biggest and most impor- 
tant truths and to sacrifice small and unimportant details for the 
sake^of giving greater emphasis or accent to the statement of the 
larger ones. '-Art lives by sacrifices" is the expression of the 
French, the most artistic nation of modern times. The experience 
of the l)eginner is very practical testimony to the truth of the 
expression, for he very soon realizes that he has not the ability, 
even if it were best, to draw all he sees, and he has to face the 
question of what to leave out, what to sacrifice. Sense will tell 
him that he must at all costs retain those elements which have the 
most meaning or significance, or else his drawing will not be in- 
telligible. So he is gradually taught to select the vital facts and 
make sur'^ of them at least. It is true that the more accomplished 
the draughtsman beconu^s the greater will be his ability to suc- 
c<?ssfully represent the lesser truths, the smaller details he sees, 

♦ Note.— Ample corroboration for all that Is stated above may be found in Riiskin, 
but. It is embedded in a mass of conrusiu'^ and contnuliciory assertions. Kuskin is a very 
daiv«*rouH author for the beginner. 
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iKvause having trainiMl his perception to the importance of graspi no; 
the big tnitlis lie has also attained the knowledi^e and ability to 
express the smaller facts without obscuring the greater ones. 
Nevertheless the (juestion of what to sacrifice remains one of the 
most important in all forms of representation. One of tlie com- 
monest criticisms ])ronounced by artists on the work of their col- 
leagues is that ''he has not known \\hen to stop''; the picture is 
overloaded and obscured with distracting detail. 

5. Learning to See. It is very important that the student 
of drawing shall understand in the beginning that a very large part 
of his education consists in learning to see correctly. The power 
to see correctly and the manual skill to put down with accuracy 
what he sees — these he must acquire simultaneously. It is usually 
difficult at tirst to convince j)eople that they do not naturally and 
without training see correctly. It is true^that there is formed 
in every normal eye the same image of an object if it is seen from 
the same position, but as minds differ in capacity and training, 
so will they perceive differently what<3ver is thrown upon the retina 
or mirror of the eye. 

It is a matter of con.rmon observation that no two people agree 
in their description of an object, and where events are taking place 
rapidly in front of the eyes, as in a football game, one person w-ith 
what we call quick perceptions, will see much more than another 
whose mind works more slowly; yet the same images were formed 
in the eyes of each. The person who understands the game sees 
infinitely more of its workings than one who does not, because 
he knows what to look for; and to draw with skill one must also 
know what to look for. Many people who have not studied draw- 
ing say they see the top of a circular table as a j)erfect circle in 
whatever position the eye may be in regard to the table. Others 
see a white water lily as pure white in color, whether it is in the 
subdued light of an interior or in full sunlight out of doors. In 
questions of color it is a matter of much study, even with persons 
of artistic gifts and training, to see that objects of one color appear 
under certain conditions to be quite a different color. 

6. Outline. The untrained eye usually sees objects in out- 
line filled in with their local color, that is, the color they appear to 
be when examined near the eye without strong light or shade 
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thrown upon them. One of the first things the student has to 
learn is that there are no outlines in nature. Objects are distin- 
guished from t^ach other not by outlines but by planes of light and 
dark and color. Occasionally a plane of dark will be so narrow 
that it can only be represented by a line, but that does not refute 
the statement that outlines do not exist in nature. Yerv often 
only one part of an object will be detached from its surroundings. 
Some of its masses of light may fuse with the light parts of other 
forms or its shadows with surrounding shadows. If enough of the 
form is revealed to identify it, the eye unconsciously supplies the 
shapes which are not seen, and is satisfied. The beginner in 
drawing is usually not satisfied to represent it so, but draws 
definitely forms which he does not see simply because he knows 
they are there. Obviously then it is necessary to learn what we 
do not see as well as what we do. 

7. Although there are no outlines in nature, most planes of 
light and shade have definite shapes which serve to explain the 
form of objects and these shapes all have contours, edges or bound- 
aries where one tone stops and another begins. As the history of 
drawing shows, it has always been a convention of early and primi- 
tive races to represent these contours of objects by lines, omitting 
effects of light and shade. To most people to-day the outline of 
an object is its most important element — that by which it is most 
easily identified — and for a large class of explanatory drawings 
outlines without light and shade are sufficient. By varying the 
width and the tone of the outline it is even possible to suggest tht^ 
solidity of forms and something of the play of light and shade and 
of texture. 

8. Since, in order to rej)resent light and shade, it is neces- 
sary to set off definite boundaries or areas and give them their 
pro])er size and contour, it follows that tlie study of outline nuiy 
very well be considere<l a simple way of learning to draw, and a 
drawing in outline as one step in the production of the fully devel- 
oper] work in light and shade. An outline drawing is the simplest 
one which can l>e made, and by eliminatinir all (luestions of liirht 
and shade the student can concentrate all li is effort on re])resenting 
contours and pro[)ortions correctly. Ihit he should always bear in 
mind that his drawincr is a convention, that it is not as he actually 
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sees nature, and that it can but imperfectly convey impressions of 
the surfaces, quality and textures of objects. 

9. It is often asserted that whoever can learn to write can 
learn to draw, but one may cro further and assert that writinxj is 
drawing. Every letter in a written word is a drawing from mem- 
ory of that letter. So that it may be assumed that every one who 
can write already knows something of drawing in outline, which 
is one reason why instruction in drawing may logically begin 
with the study of outline. 

Some good teachers advocate the immediate study of light 
and shade, arguing that since objects in nature are not ])oundtid by 
lines to represent them so it is not only false ])Ut teaches the 
student to see in lines instead of thinking of the solidity of objects. 
But these arguments are not sullicient to overbalance those in 
favor of beginning with outline, esj)ecially in a course ])lanned for 
architectural students to whom expression in outline is of the firs *^ 
importance. 

HATERIALS. 

10. Pencils. Drawings mny In* made in ** l)lark and white" 
or in color. A black and white (lrawin<x js one in which there is 
no color and is made by using j)encil, charcoal, crayon or j)aint 
which produces different tones of gray ranging from black to white. 

The pencil is the natural medium of the architect and the 
materials for j)encil drawing are very inexj)ensive and require little 
time for their preparation aivd care. Drawings in pencil are very 
easily changed and corrected if necessary. All the re(juired ])lates 
for this course are to be executtMl in jKMicil. 

The pencil will make a drawing with any degree of Hnish 
ranging from a rough outline* sketch to the representation of all 
the light and shade of a complicated subject. In addition it is the 
easiest of all mediums to handle. Students are sometimes led to 
think that it is more artistic to draw in charcoal crayon or pen 
and ink. It may be that an additional interest is aroused in sonu^ 
students by working in these materials, but the beginner must 
assure himself at once that artistic merit lies wholly in the result 
and not at all in the material in which the work is executed. 

Pencils are made in varyini^deirrees of hardness. The softest 
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18 marked BBBBBB or 6B; 5B is slightly less soft and they increase 
in hardness through the following grades: 4B, 3B, 2B, B, IIB, F, 
II, 211, 311, 411, 511, OIL A pencil should mark smoothly and 
be entirely free from grit. The presence of grit is easily recog- 
nized by the scratching of the pencil on the paper and by the 
unevenness in the width and tone of the line. The leads of the 
softer pencils are the weaker and are more easily broken. They 
give off their color the most freely and produce blackest lines. 
What hardness of pencils one should use depends upon a number 
of considerations, one of the most important being the quality of 
paper upon which the drawing is made. 

Quick effects of light and shade can he best produced by the 
use of soft pencils because they give off the color so freely and the 
strokes blend so easily into flat tones. 

A medium or hard pencil is necessary when a drawing is to 
be small in size and is intended to express details of form and con- 
struction rather than masses of liijht and shade. This is because 
the lines made by hard pencils are finer, and more clean and crisp 
than can be obtained by using soft grades. The smaller the draw- 
ing, the more expression of detail desired, the harder the j)encil 
should be; a good general rule for all quick studies of effects of 
liglit and shade is to use as soft a pencil as is consistent with the 
size of the drawnng and the surface of the paper. Beginners, how- 
ever, are obliged to make many trial lines to obtain correct propoi- 
tions, and in that way produce construction lines so heavy that 
the eraser required to remove them leaves the paper in a damaged 
condition. Until the student can draw fairly well he should begin 
every piece of work with a medium pencil and take care to make 
very light lines and e8[)ecially to avoid indenting the paj)er. 

It should be understood that pencil drawings ought never to 
be very large. There should always be a ])roportional relation 
l>etween the size of a drawing and the medium which ])roduces it. 
The point of a jwncil is so small that to make a large drawing 
with it consumes a disproportionate amount of time. For large 
drawings, especially such showing light and shade, crayon or char- 
coal are the proper materials for they can be made to cover a large 
surface in a very short time. The larger the area to be covered 
the larger should be the point and the line producing it. 
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Sj>ecial j)enc*il8 with large leads can be obtained for making 
large pencil drawings. 

11. Paper. In general the firmer the surface of the paper 
the harder the pencil one can use on it. For a medium or hard 
pencil the paper should be tough and rather smooth but never 
glazed. Many very cheap grades of paper, for example that on 
which newspaj)ers are printed, take the ])encil very well but have 
not a sufficiently tough surface to allow the use of the eraser. They 
are excellent for rapid sketches made very directly without altera- 
tions. 

Paper for effects of light and shade should be soft and smooth. 
For this work the cheaper grades of paj)er are often more suitable 
than the expensive sorts. Paper with a rough surface should 
always be avoided in pencil drawings, as it gives a disagreeable 
" w^ooly " texture to the lines. 

12. Holding the Pencil. Anv hard and fast rules for the 
proper use of the pencil would be out of place, but until the stu- 
dent has worked out for himself the ways which are the easiest and 
best for him he cannot do better than ado])t the following sugges- 
tions, which will certainly aid him in using tlie pencil with effect 
and dexterity. 

The most important ])oints in drawing are to be accurate and 
at the same time direct and free. Of course, accuracy — the ability 
to set down things in their right proportions — is indis|)ensable; 
but the abilty to do this in the most straightforward way without 
constraint, fumbling, and erasures is also necessary. Art has been 
defined as the doing of any one thing supremely well. 

The pencil should be held lightly between the thumb and 
forefinger three or four inches from the point, sujjported by the 
middle finger, with hand turned somewhat on its side. 

There are three ways in which it is possible to move the ])en- 
cil; with the fingers, the wrist, or the arm. ^fost ])e()ple find it 
convenient to use the finwr movemer.t for drawini£ short, vertlcfil 
lines. In order to pnKluce a long line l)y this movement it is only 
necessary to nuike a succession of short lines with the ends touch- 
ing each other but Jiot overlapping, or l)y leaving the smallest ])()s- 
sible space between the end of one line and the betjinnintr of the 
next. The wrist movement produces a longer line and is used 
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iia til rally to make horizontal lines. For a very lonjr sweej) of line 
the movement of the arm from the shoulder is necessary. This is, 
j)erhaps, the most difficult way of drawing for the beginner, but it 
affords the greatest freedom and s^veep, and many teachers con- 
sider it the only j^roper method. 

13. Position. The draughtsman should sit upright and not 
bend over his drawing, as that cramps the work and leads him to 
l(H)k, while working, at only a small portion of his drawing instead 
of comprehending the whole at a glance. 

The surface to receive the drawintr umst l)e held at ritrht 
antrles to the direction in which it is seen, otherwise the drawinjr 
will be distorted ])y the foreshortening of the surface. A rectan- 
gular surface such as a sheet of paj)er is at right angles to the 
direction in which it is seen when all four corners are e([ually 
distant from the eye. A fairly accurate test may be made in the 
following manner: Locate the center of the paper by drawing the 
<liagonals. Flat against this point place the unsharj)ened end of a 
])encil. Tip the surface until the length of the jxMicil disappears 
and only the point and sharpened end are visible, then the surface 
will be at right angles to a line drawn from the eye to its center. 
The jjencil re])resents this line for a ])art of the distance because if 
pro|)erly held it is at right angles to the surface. 

FIRST EXERCISES. 

Before trying to draw any definite forms the student should 
]»ractice diligently drawing straight lines in horizontal, vertical, and 

^ , , oblique ])Ositions, and also circles and 

■ • ellipses. 

l,^ \ S* 14. Straight Lines. In drawing the 

* ^ straitrht line exercises points should first ])e 

placed lightly and the line drawn to connect 

(111 themas in Fiir. I. Drawa seriesof ten or lif- 

* i i 5 

I I i j //// teen lines in each |)()sition, placing the ])oints 

I'll / / / / ^^* ^*** connected by the lines one inch ajjart 
1 j ] I /// / 'I'^d leaving a s|)ace of one (piarter of an 

inch between each line. Next draw a series 

Points. ])lacing the ])()ints two inches apart, tlien a 

group with the ])()ints four inches aj)art, and finally a set which 
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will give Jines eight inches long. Start to draw vertical lines 
from the top, horizontal lines from the left to right, obliqne lines 
which slant npward toward the right, from the lower }X)int, and 
those slanting upward toward the left, from the upper point. Use 
all three pencils, 811, F and a solid ink j)encil for these exercises, 
and take the greatest care not to press too strongly on the paj)er 
with the harder grades. They are intended to make rather light 
gray lines. Where dark lines are desired always use the solid ink 
pencil. Try also nuiking the exercises with different widths of 
line regulated ]>y the bluntness of the point, and do at least one 
set using the solid ink pencil and making very wide lines as near 
together as is pos8i])le without fusing one line with another. In 
all (rf these exercises the lines should each he drawn with one pen- 
cil stroke without lifting the ])encil from the paper and absolutely 
no corrections of the line should be made. 

15. Circles and Ellipses. In ])ract icing drawing circles 
start from a ])oint at the left and move around toward the right 

as in Fii£. 2. Draw a series of ten cir- 

cles half an inch in diameter, forming 

each with a sintrU» pencil stroke. Next 

draw a group of ten with a one-inch 

A diameter, still keej)ing to the single 

] I pencil stroke. Follow these with a set, 

,•7/ each being two inches in diameter and 
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V\^. 2. Circles. 



another set with a three- inch diameter. 
In drawing these larger circles the free 
arm movement will be found necessary 
and the lines may be swept about a 
number of times for tlie jmrjjoseof correcting the first outline and 
giving practice in the arm movement. As the circles increase in 
diameter the difficulty of drawing them with accuracy by a single 
stroke increases also, but instead of erasing the faulty positions 
and labori(nisly patching the liiu\ it is better to make the correc- 
tions as directed, by sweeping other lines about until a mass of 
lines is formed which gives the shape correctly. The single outline 
desired will be found somewhere within the mass of lines and may 
be accented witli a darker line and the other trial lines erased. 

Draw a series of ten ellipses. Fig. 8, with a long diameter of 
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Lalf an inch, forming each with a single pencil stroke. Follow 
with a group of ten, having the long diameter one inch in length, 
joinhig each outline with a siiigle pencil stroke. Proceed with a 
set having a long diameter of two inches and a set with a long 
diameter of three inches. Follow the same instructions for these 
last two groups as were laid down for drawing the larger circles, 
that is, sweep the lines about several 
times with the free arm movement. 

In drawing horizontal straight lines 
the ellx)w should l>e held close to the 
body. For vertical lines and for all 
curved lines the elbow should be held as „, " " ,, 

Fig. 3. Kllipses. 

far from the body as possible. 

These exercises and similar ones of his own invention should 
be practiced by the student for a long period, even after he is 
studying more advanced work. Any piece of waste paper and any 
spare moments may be utilized for them. As in acquiring any 
form of manual skill, to learn to draw recjuires incessant practice, 
and these exercises corres[K)nd to the five-finger exercises which 
are such an important part of the training in instrumental music. 
While they are not very interesting in themeelves the training they 
give to the muscles of the hand and arm is what enables the 
draughtsman to execute his work with rapidity, ease, and assurance. 

The student should bear in mind that a straight freehand line 
ought not to look like a ruled line. A part of the attraction of 
freehand drawing, even of the simplest description, is the sensi- 
tive, live quality of the line. A straight line is defined in geom- 
etry as one whose direction is the same throughout, but slight 
deviations in a freehand straight line, which recover themselves 
and do not interfere with the general direction are legitimate, as 
the hand, even when hi<rhly trained, is not a machine, and locrjoallv 
should not attenijjt to do what ciin be ])erf()rmed with nu)re 

mechanical i)erfection l>v instruments. Where freehand straitrht 
I t o 

lines are used to indicate the boundaries of forms, the slight in- 
evitable variations in the line are really more true to the facts of 
vision than a ruled line would be, inasmuch as the edges even of 
geometric solids appear softened and lesa rigid because they are 
affected by the play of light and by the intervening atmosphere. 
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This the becrinner will not \)e, able to see at first, for in this case as 
in so many others, his sight is biased by his knowledge of what 
the object is and how it feels. 

i6. Freehand Perspective. One of the chief ditHcuIties in 
jearning to draw js, as before stated, in learning to see correctly, 
because the a[)j)earance of objects so often contradicts what we 
know to be true of them. More than one bejrinner has drawn a 
handle on a niug because he knew it was there, regardless of tlu* 
fact that the mug was turned in such a way that the handle was 
not visible. The changes which take ])lace in the aj)|)earance of 
forms through changes in the position from which thev are seen, 
are governed by the principles of pers[)ective. Although students 
of this course are 8Uj)po8ed to l)e familiar with the science of jK*r- 
s|)ective, it is necessary to restate certain general princij>]es of 
]R»rs|)ective with which the freehand draughtsman must Ik* so 
familiar that he cf^n apply them almost unconsciously as he draws. 
The most important of these are demonstrated in the following 
paragraphs, and their application should be so thoroughly under- 
stood that they become a part of the student's mental ecjuipment. 
In theory the draughtsman draws what he sees, but practically he 
is guided by his knowledge as to how he sees. 

The principles can be most clearly demonstrated through the 
study of certain typical geometric forms which are juirposely 
stripped of all intellectual or sentimental interest, so that nothing 
shall divert the attention from the principles involved in their 
representation. The student will readily recognize the great 
variety of subjects to which the ])rinciples ap])Iy and the impor- 
tance of workincr out the exercises and masterintr them for the sake 
of the knowledge they im])art. These principles can be explained 
very clearly by the use of the glass slate, which is a part of the 
recjuired outfit for this course. All drawings should be made from 
th(^ models in (nitline and in freehand on the olass, nsin<j the (-ross 
THMicil. The (lrawin<£ should be tested and (*orr»'rtiMl jicconlino- to 
the instructions for testintr. 

17. Tracing on the Slate. In ))eo:iiniintr to study model 
drawin<r the ukmIcI may 1h* traced upon the slate held between the 
mcMJel and the eye and at rii^ht ancjles to the direction in which 
the objtH't is seen. (See section IH. ) In order to do this with 
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acoiiracv it is ahsolutolv uecessarv that the slate shall not move 
and it is equally necessary that the position of the eve shall not 
change. As neither of these conditions can be fulfilled exactly 
without mechanical contrivances for holding both the slate and the 
head fixed, it follows that the best tracincf one can make will be 
only approximately correct and even that only if the object is of a 
very simple character. The more complicated the object the less 
satisfactory will be the tracing from it. Perhaps the best method 
is to mark the important angles and changes of direction in the 
contour with points and then rapidly connect the ])oints with lines 
following the contours. Although the result may not be very 
correct, if carefully made the tracing will at least demonstrate the 
])rincipal jwints wherein the ap])earance of an object differs from 
and contradicts the facts, and that is the sole object of the tracing. 
It awakens in the student the power of seeing accurately as it 
teaches the mind to accept the image in the eye as the true appear- 
ance of an object even if that image differs from the actual sha[)e 
and proportion of the object as we know it by tlie sense of touch. 
Kd'oept an It helps us to Icani to see^ the traehaj (jivrs no trrtlit- 
huj lit' freehand drawing other thttn the slight manual exercise 
!nV(dved hi drawing the line. 

i8. Testing with the Slate. The great value of the slate 
for the beginner in freehand drawing is the ease with which the 
accuracy of a drawing may be tested. To obtain satisfactory re- 
sults the models should be placed about a foot and a half in front 
of the spectator and the drawings made rather large. The draw- 
ing should be made freehand, in outline, and the greatest care 
taken to make it as accurate as possible before testing it because 
the object in making the drawing is to exercise the hand and eye. 
Drawing exercises should not be confounded with the preliminary 
exercises in tracing whose only object is to emphasize the fact that 
forms apj)ear different as the position of the eye changes. 

In order to test a drawing place the slate at right angles to a 
line from the eye to the model according to the^ directions in sec- 
tion 13. Holding the slate at this angle and keeping one eye 
closed move it backward and forward until the lines of the draw- 
ing cover the lines of the model. Any difference in the general 
direction of the lines or pro|)<)rtion8 can be rejidily observed. Cor- 
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rrctioiiH hIiohIcI not Iw made by tracing, but errors should be care- 
fully noted and tlie alterations made freehand from a re-study of 
the models. If the drawinjr is too large to cover the lines of the 
moih^l, <'rrorH may be discovered by testing the diflFerent angles of 
the drawing with those of the mtxlel. If all the angles coincide 
th(^ drawing must be correct. 

In nuiking the tests the slate should be held firmly with both 
hands, and it cannot be emphasized too strongJy that the test is of 
no value unless the slate is at right angles to the direction in which 
the nuxlel is set^n. When groups of models or other complicated 
subjects are being tested only the directions of important lines 
and proportions of heading masses can be compared. It must be 
clearly und(»rstood that it takes sonu^ practice and much care to 
test the drawing of a simple form, and thkt the slate is not to be 
us(»d as a means of tracintj. The student will soon discover tliat 
it is impossible to tnice any form or group having much detail or 
mulliplieation of parts owing to the imjK)ssibility of holding the 
slate and the eye for h)ng in the same position at the same time. 

Do not ex|H»ct too much of the slate. Even the first exercises 
in tmcing simple forms will show the student that unless he has 
acipiired souu* facility in making lines frtvhand he cannot trace 
lines. Indeed it has often been observed that no one can trace 
who cannot dmw. Another ditticulty in usincr the slate at first is 
the resistance which the |H»ncil encounters on tlu» glass. It calls 
for a ditTen'ut pix^ssuiv and touch from that usihI with a iH^ncil on 
|wper, so tluHt the In^ginner is often discounigtnl unnecessarily and 
Ihvoh u»s im|uktient with the slat^^ iwirtly l>ei*AUse he exj>eets too 
much fn>m it and jKirtly Ivcause he has not Iearne<l how to use it. 
Do not try to make |HM-fiH't lines on the slate. I^ satisfieil at first 
to indicate the jn^iend diiwtion of lines, rnderstand also that 
the slate is only to Ih» usi»ii in iH^trinnintr to draw. The student 
should as sinm as possible emancipate himself fn>m the use of the 
tests and de|HMid ujhui the eye alone for j mining the n^laiions of 
pn>|H»rlions and Hues. Kixun the U^ixinniuiX a dniwiuiX .^liouM l>e 
iH>n\vliHl by the t*ye as far as |H»s>ible N'fiMV ajij-lviuiX any tests. 
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FREEHAND PERSPECTIVE.* 

19. The Horizon Line or Eye Level. This, as the name 
implies, is an imaginary horizontal line on a level with the eye. 
It is of great importance in representation, as all objects appear 
to change their shape as they are seen above or below the horizon 
line. 

The following experiments should be made before beginning 
to draw any of the exercises in freehand perspective. Fasten two 
square tablets together at right angles to each other so that the 
adjacent corners exactly coincide, giving two sides of a cube. 
Hold it at arm's length with the edge where the two planes touch, 
parallel to the eyes and the upper j)lane level. Lower it as far as 
the arms allow, then raise it gradually to the height of the eyes, 
and above as far as possible , holding it as far out as possible. 
Observe that the level tablet appears to Ijecome narrower as it 
approaches the eye level, and when it is opposite the eye it becomes 
only a line showing the thickness of the cardboard. Observe that 
this line or front edge of the tablet always appears its actual length 
while the side edges have been gradually appearing to become 
shorter. As the tablet is lifted above the horizon the lower side 
begins to appear very narrow at lirst, but widening gradually the 
hicrher the tablet is lifted. It will be seen also that when the 
tablet is below the horizon line the side edges appear to run uj)- 
ward, and when the tablet is above the eye its side edges a])pear to 
run downward, toward the horizon. 

Jcvd of VfYt That they and similar lines appear to con- 

A vercje and vanish in the horizon line is 

/ \ proved l)y the following experiment: 

/ \ Place a book on a table about two feet 

/ \ away with its bound edge toward the spec- 

/ \ tator and exactly horizontal to the eye, that 

/ \ . is, with either end e(iuallv distant from the 

y V eye. Between the cover and the first page 

fl / \ b and as near the l)ack as passible place a 

IjA.^..,........,. '«iTi«rtfrJ string, leaving about two feet of it on 

Fig. 4. Book ^-Ith strings, ^j^j^^^, ^jj^,^ jj^jj ^j^^ j^^^ ^^^j ^f ^j^^ 



•Note.— Through the conrt«'sy of its author and pul)li.shors. thesp exeroist^s tn free- 
hand iH*rspective have been adopieil from Ll»e text-book an " Freehand Drawing." by 
Anson K. Cross. Uiun & Co., Hostou. 



25 



16 



FREEHAND DRAWING 




string in tlie rit^lit hand and move it until it coincides with or 
covers the h*ft edfre of the book. Ilohl the right end of the string 
in the left hand and move it until it covers the ritrht e<li£e of the 
book. The two strings will 1h^ seen to form two converging or 
vanishing lines wliich meet at a |K>int on the level of the eye, 
that is, in the Iiorizon line. This and the preceding ex[)eriment 
illustrate the followinij rule. 

Jtnh' 1. Iforhontffl rt'tn'tfthuj II urn (thmy. the aje appeov 
to (Jesreiid or Vifnlnh dofrnmtrd^ (HhI hitrizontol rtt/'fatlnfj Ihwfi 

hi'lomthc etje (ippeav to nnrend or vanish 
ujnrard. The vo)i!iiht}uj point of any 
net of pornJJeln, rrtreotliKj^ horhontal 
I'nirs la (it the Irvrl of the etie, 

Jt is necessary to remember that the 
horizon line is changed when the s|)ecta- 
tor's j)osition is changed. This is very 
noticea])le when one stands on a high hill 
and observes that the roof lines of houses 
which one is accustomed to see vanishing 
downward to the level of the eye, now 
vanish upward, since the ey^s have l)een 
raised above the roofs. 

Iletreating lines are those which have 
one end nearer the eve than the other. 

Exercise i. Foreshortened Planes 
and Lines. Cut from paper a tracing of 
the square tablet, which is a part of the 
set of drawing models, and leave a pro- 
jecting flap as at A, Fig. 5. Paste the 
fla[) on the under side of the slate, with 
the edges of the scpiare parallel to the 
edges of the slate, and trace the actual 

Fig. 5. Slates with Square and ^*hape of the SCJUare. 

Circle Flaps. Holding the slate vertical and so that 

half the s(piare is above and half below the level of the eye, turn 
the square somewhat away from the slate and trace the apj)earance. 
Turn it still farther and trace. Turn it so tluit the surface disap- 
jx^ars and beconn^s a line. 
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Trace a circular tablet and cut it out of ])a})er, leaving a flap 
as at B, Fig. 5. Paste the flap on the back of the slate, as with the 
square, and trace its real appearance. Turn the circle away at a 
moderate angle and trace its aj)pearance. Trace it as it appears at 
a greater angle and finally ])lace it so that it appears as a line. 

Try similar experiments with the triangle, the pentagon, and 
the hexagon and observe that these exercises all show that lines 
and surfaces under certain conditions appear less than their true 
dimensions, and that this diminution takes place as soon as the 
surfaces are turned away from the glass slate. 

When the s<juare rests against the slate, witli the centers of 
the square and slate coinciding, and -the slate held so that half is 
above and half below the horizon line, all four corners of the square 
will l)e at equal distances from the eye so that a line from the eye 
to the center of the slate and of the square is at right angles to the 
surface of the slate, the latter represents in these experiments what 
in scientific perspective is called the picture plane. Thus a sur- 
face or plane aj)pears its true relative dimensions only when it is 
at right angles to the direction in which it is seen. 

It is for this reason that it is always necessary to arranore the 
surface on which a drawing is made, at right angles to the eye, 
otherwise the surface and drawing upon it become foreshortened; 
that is, they appear less than their true dimensions. 

It is easy to see from the drawing of the foreshortened square 
in Fig. 4, that of the two ecjual and parallel lines a h and o d the 
nearer apj)ear8 the Jonger, although neither of the lines are fore- 
shortened as the respective ends of each are ecjually distant from 
the eye. This illustrates the foUowiuir rule : 

liule 2. Of tiro eqtad and jk^ rail el h'/tcs^ the nearer (/jipearn 
the h/nyer, ' * ~ 

Exercise 2. The Horizontal Circle. Hold 
the circular tablet horizontally and at the level of 
the eye. Observe that it appears a straight line. 

Place the tablet horizontally on a ])ile of 
l)Ooks about half way between the level of the 
eye and the level of the table. Trace the apj)ear- 
ance upon the slate. 




Fig. 6. HorlzoLtal 
Circles. 



Place the tablet on the table and trace its appearance. 
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While making both tracings the distance between the eye and 
the object, and the eye and the slate should be the same. 

Hold the tablet at different heifjhts above the level of the 
eye and observe that the ellipse widens as the height above the eye 
increases. These exercises illustrate the following rules: 

Rale 3. A horizontal circle ajrpearfi a horizontal straight 
11 tie when It is at a level of the eye. When helow or ahove this 
level the horizontal circle always appears an ellipse whose lony 
axis Is a horizontal line. 

m 

Hale 4. As the dlstaiice above or heloio the level of the eye 
increases the ellipse appears to ^clden. The short axis (f any 
ellipse which rep>resents a horizontal circle changes its length as 
the circle is raised itr bnrered. The long axis Is al trays repre- 
sented hy practically the same length at whatever level the circle 
is seen. 

Place the tablet on the table almost directly below the eye 
and trace its appearance. 

Move it back to the farther edcfe of the table and trace it. It 
wmU be seen that w^here the level of the circle remains the same, 
its apparent width changes wuth the distance from the eye to the 
circle. 

Exercise 3. Parallel Lines. Place the square tablet on the 
table 1 J feet from the front, so that its nearest edge appears hori- 
zontal; that is, so that it is at right angles to 
the direction in which it is seen. By tracing 
the appearance the following rules are illus- 

Fig. 7. Parallel Lines. t rated I 

liule 5. Parallel retreating edges appear to vanish^ that 
is^ to converge Utward a pond. 

liule 6. Parallel edges which are parallel to the slate ^ tJiat 
is^ at right angles to the direction at which they are seen, do not 
apj>ear to converge^ and anypanfllel edges whose endn are etinally 
distant from the eye appear actaall y paralUL 

Exercise 4. The Square. Place .the square tablet as in 
Exercise 3, and it will be seen that two of the edges are not fore- 
shortened but are represented by parallel horizontal lines. The 
others vanish at a point over the tablet on a level with the eye. 

Now place the tablet so that its edges are not parallel to those 
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of the desk and trace its appearance on the slate. None of its 
edges appear horizontal, and when the lines of the tracing are con- 
tinued as far as the slate will allow, the fact that they all converge 
will be readily seen; the drawing illustrates the following rule : 

Rule 7. When one line of a right an(jle vanwhes toward 
the right ^ the other line vanlshe-^ toward the left. 

The drawing also shows that the edges appear of unequal 
length and make unequal angles with a horizontal line and illus- 
trates the following rule : 

Ride 8. When tiro isldea (fa square retreat at unequal 
angles^ the one whirh is more nearly parallel to the picture pi ajie 
{the date) ap>pear% the longer and more nearly horizontal. 

Exercise 5. The Appearance of Equal Spaces on Any Line. 
Cut- from pajKM- a scjuare of three inches and draw its diagonals. 

Place this square horizontally in the middle of 

the back of the table, w^th its edges jwrallel 

to those of the table, and then trace its appear- 

pig. 8. Equal Space ance and its diagonals upon the slate. (Fig. 8.) 

on any e. Note'.— Tlie diagonals of a square bisect each 

other and give the center of the scjuare. 

Compare thedistance from the nearer end, 1, of either diagonal to 
the centerof the square, 2, with that from the centerof the square to the 
farther end of the diagonal, IJ, for an illustration of the following rule: 

Rule ,9. Equal distances o)i any retreating line appear 
unequal^ the nearer of any tiro appearing the longer. 

Exercise 6. The Triangle. Draw upon an equilateral tri- 
anglilar tablet a line from an angle to the center of the opposite 
side. (This line is called an altitude.) 

Connect the triangular tablet with the 
square tablet, and place them on the table so 
that the base of the triangle is foreshortened, 
and its altitude is vertical. Trace the triangle 
and its altitude upon the slate. The tracing* 
illustrates the fact that the nearer half of a re 
ceding line appears longer than the farther p^g 9 rme TriaDgie. 
half (see Rule Uj, and also the following rule: 

Rule 10. The npper angle (f a vertical isosceles 
or equilateral triangle^ whose hase is horizontal^ appears 
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/// i( rt'rfl<u/l Ihw (r<('fr<l (it the. jhrfijhrtlcf renter nf the htfse. 
Exercise 7. The Prism. Connect two square tablets by a 

rod to represent a cube, and hold the object so that one tablet only 

is visible, and discover that it must appear its real shaj)e. A, Fig. 10. 

This illustrates the followinijr rule: 

lifde 11. When one f*(<'e out tj nf a jprlfim v.v vif<!Jfle^ It 

(fj>j>e(n'H its 'Y(// nhdpe. 

Place the cube represented by tablets (Fig. 10) in the middle 

of the back of the desk, and trace its a{)j)earance. First, when two 







D . 



Fig. 10. The Prism. 



faces only of the solid would be visible (B); and, second, when 
three faces would be seen (C). These tracings illustrate the fol- 
lowing rule: 

Itide 12. ^Vhen tioo or more faces of a cvhe are seen^ none 
of them can ajypear their real shaj)es. 

Place the cubical form on the desk, with the tablets vertical, 
and one of them seen edgewise (I)) and discover that the other 
tablet does not appear a straight line. This illustrates the follow- 
ing rule: 

Hale 13. Only one end of a jjrlmn can ajypear cc straight 
line at any one tune. 

Exercise 8. The Cylinder. Connect two circular tablets by 
a 2i-inch stick, to represent the cylinder. Hold the object so that 
one end only is visible, and see that it appears a circle (Fig. llj. 

Place the object on the table, so that its axis is horizontal 
but appears a vertical line, and trace its appearance. The tracing 
illustrates the followincr rule: 

Jiule 14. When an end and the curved surface of a cylhi- 
der are seen at the same tlme^ the end mast appear an ellipse 
(Figrl2). 
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Place tlie object horizontally, and so that one end appears a 
vertical line, and trace to illustrate the following rule: 






Fig. 11. The Cy Under— 
Circle. 



Fig. 12. The Cylinder- 
Axis Horiz<intal. 



Fig. 13. The f\v Under - 
One End Straight Line. 



Ride 15. When one end of a ct/linoer ffj>j>e((rs a HtroUjht 
11 ne^ the other appears an ellipse, (/^V^/. 13.) 

Place the object upright on the table, and trace its ends and 
axis. Draw the long diameters of the ellipse, and discover that 
they are at right angles to the axis of the cylinder. This illustrates 
the following rule: 

Rule 16. The bases of a vertical oijlt mle r ap> pea r horizontal 
ellipses, Ths nearer hase ahvays appears the narrower ellipse. 
{Fig. 14.) 

Place the object with its axis horizontal and at an angle, so 
that the surfaces of both tablets are visible. Trace the tablets 

and the rod, and then draw the 

Olong diameters of the ellipses, and 
discover that they are at right 
^x angles to the axis of the cylindrical 

/ / 1 /A ^^^^' ^^^^ axes of the ellipses are 
/^^^ ^\ j //=*!5555/ / ) '"^1^^^^9 *"d ^^^ drawing illus- 
\ J V-^ 7// Urates the following rules: 

V..__^.^ v// Rale 17. The ha^cn of a 

Fig. 14. TheCyl- Fig. 15. TheCyUnder ...yZ/^w/.p^ ni^UMir 4>ll]iiM,'^ onhnsi.* 
inder-Upright. -Axi.s Horizontal ^y^^'altr appeal tHfJ),s<S^ V hose 

and at an Angle, j^^^^^j diameters an' at rlijht amjhx 
to the axis of the cylinder^ the nearer hase appearinej the nar- 
rower eUljyse. 

Note. — The farther end may appear narrower than the nearer, 
but must always appear proportionally a wider ellipse than the 
nearer end. 
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Hale 18. Vertical forenh art OH d clrchH hrlom or above thr 
level of the eye appear elllpsen whose a,ir>i are not vertical lintM, 

Hale 19. The lony axis of an elUpne reprc'^iehtliKj a ver- 
tical circle below or ahove the level of the eye in <ft rhjht anylts 
to the axis (fa cylinder of vjhich the circle is an end. 

Hide 20. The elenunits of the cylinder appear to convi n/i 
in the direction of the invisible end. This convcrgoire is n<d 
represented when the cylinder is vertiral. 

Note I — Less than half the curved surface of the cylinder is 

t.' 

visible at any one time. 

Note 2. — The elements of the cylinder appear tangent to the 
bases and must always be represented by straight lines tangent to 
the ellipses which represent the bases. When the elements con- 
verge, the tangent points are not in the long axes of the ellipses. 
^^ --^ See Fig. 12, in which if a straight line tangent 
^^"^^ I [ j to the ellipse be drawn, the tangent points will 

^"""■^•^ V y be found above the long axes of the ellipses. 

Fig. 16. The cone. Excrcise 9- The Conc. Hold the cone so 

that its axis is directed toward the eye, and the cone apj)ears a 
circle. Iloid the cone so that its base appears a straight line, and 
it appears a triangle. (Fig. 10.) 

Place a circular tablet. Fi<;. 17, havino- a rod 
attached, to represent the axis of tlie cone, so that the 
axis is lirst vertical and second inclined. Trace both 
positions of the object, and discover that the appear- 
ance of the circle is the same as in the case of the 
cylinder. The tracings illustrate the following rule: 
Rule 21. When the bosv (f the cone (fppears 
a,n ellipse^ the long a.eis of the ellipse is perpen- 
Fijf. 17. The dicular to the a.ri-s (fthe arne, 
^withitod.*^^ Note I — More than half the curved surface of 

the cone will be seen when the vertex is nearer the eye than the 
base, and less than half will be seen when the base is nearer the eye 
than the vertex. The visible curved surface of the cone may range 
from all to none. 

Notes. — The contour elements of the cone are represented by 
straight lines tangent to the ellipsis which represents tlie base, and 
the points of tangency are not in the long axis of this ellipse. 
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Exercise lo. The Regular Hexagon. In Fig. IH the opposite 
sides are pamllsl and equal. The long diagonal A D ia parallel to 
the sides B C and E F, and it is divided into four equal parts by 
the short diagonals B F and C E, and by the long diagonals B E 
or C F. 





Fig. IS. BeiaeoD. Fig. IS. Hexagon. 

The perBj)ective drawing of this figure will lie c-orrected by 
giving the proper vanishing to the different sets of parallel lines, 
and by making the divisions on the diagonal A D perspectively 
equal. 

Drave the long and short diagonals upon a large hexagonal 
tablet, riace this tablet in a horizontal or vertical position, Fig. 
10, and then trace npou the slate its appearance and th» lines upon 
it. The tracing ilhistrates the following rule: 

Rul'j 22. Ill « correct drawing of the reguhtr hes-mjon, any 
liniif diagonal when mtcrmi-tf/ hij a lung iVniijiiMil anil two short 
diagonals, w'U ha divided into /our equal piii-tK. 

Exercise II. The Center of the Ellipse Does Not Represent 
the Center of the Circle. Cut from pajier a square of three inches, 
after Laving inscribed a circle in the s(inare. Draw the diameters 
of the square and then place the square horizontally at the middle 




2 



Fig. 21. Conocmric CI 



of the back of the table, with its edges parallel to tbost* of the table. 
Trace the square, its diameters, and the inscribed circle, upon the 
slate. The circle apjjears an ellipse, and as the long axis of an 
ellipse bisects the short, it is evident that it must come helow the 
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<'i*rit<*r of the Hijuare, and we discover that the center of the ellipse 
dcM'H not re[)re8ent the center of the circle, and that the diameter of 
the circle appears shorter than a chord of the circle. 

Exercise 12. Concentric Circles. Cut a 4- inch square from 
practice [»ajK'r, and draw the diagonals. With the center of the 
mpiare as center draw two concentric circles, 4 inches and 2 inches 
in diameter. 

Place the card horizontally uj)on the table, as illustrated, and 
trace its a|»jH'urance ujmju the slate, tofijether with all the lines 
drawn nj)on it. 

Draw the vertical line which is the short axis of both ellipses, 
liisect the short axis of the outer ellipse, and draw the long axis 
of this elli[)se. Bisect the short axis of the inner ellipse, and draw 
its long axis. It will be seen that tlie long axes are parallel but 
do not coincide, and that both are in front of the point which rep- 
resents the center of the circles. 

Kach diameter of the larger circle is divided into four equal 
parts. The four ecjual spaces on the diameter which forms the 
short axis apj)ear une(|ual, according to Rule 9. The .diameter 
which is parallel to the long axes of the ellipses has four equal 
s|)aces uj)()n it, and they aj)pear eijual. This diameter is behind 
(he Urtig axes, but generally a very short distance; and in practice, 
if the distance 1 2 between the ellij)ses measured on the long axis 
is ont»-fourth of the entire long axis, then the distance between the 
i»llipses measured on the short axis must be a pers}>ective fourth 
of the entire short axis. This illustrates the followin^r rule: 

tr/f(ist slnni e/./v.v volnrtth. The tllnfaticv hetwn ft the ell}j>S(i< on 
(he shorf tf.ds i^ jhrsj^etivi it/ fht .s^rtne j>r<q)ortion of the entire 
short (/.r/\\ <(A' the distanee thttrten thi efh'jfstfi tm if an rut on thr 
fotHj f/.i'/.v, A\' ijtometrleitlhj thr same j>roj)ortlon (tf the entire 

to 10/ ttj'iS^ 

Exercise 13. Frames. In the frames are found reguhir con- 
centric |x»lviXons with jmrallel sides, the angles of the inner jk)1v- 
gt)ns iHMhi:: in straight lines conntK»ting the angles of the outer 
polygon with its ivnter. In polygons having an even numl>er of 
sides, the lines cvntaininij the antrles of the iH^lvifons form diai^-on- 
als of the tigun\ as in the squaiv. 
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In polygons Imvirig an odd niimlier of sides, the lirifS (."on- 
taining the aiifiles of the polvfjoii are ]>erpeiK!iciilar to the sidcM 
ojipisite the angles, im in the triangle. 

Draw iij)on large triangular and square tablets the lilies 
shown ill Fig. 22. Place the tablets horizontally on the table, or 
sufiport them vertically, and trace upon the slate the appearance 



Fig. 2i. Frames, 
of the edges and all the lines drawn upon tlieni. The tracinga 
illustrate.* the following rule: 

RiiJ.< 24. In rrprrxeiitiiiii tl'fi rcjular fmiii.-x, the iiiifjl,i:a 
'>f the iitiiei' fitjnn'. mimt be In xtniight Viiu'h pnnKing frum the 
tuHjlex iif the oiiti-r Ji'tjiire to the center. Th-'xe Ihten am alH- 
t'lilfn 'If iliodoiK'h (if thr ]i"l ijijiinn. 

20. After making the tracings described in the foregoing 
exercises, draw (not trace) freehand on tlie slate the various tab- 
lets, arranged to illustrate each one of the exercises. This is really 
drawing from objects, and where the rods are used to connect the 
tablets the figures are equivalent to geometric solids. After the 
proportions of the surfaces are correctly indicated, lines connect- 
ing the corresponding corners of the tablets should be drawn to 
complete the representation of solid figures. The lines indicating 
the rods and those lines which in a solid form would naturally 1h> 
invisible, may be erase<l. By the use of the three rods of different 
lengths, three figures of Himilar character but different proportions 
may be obtainetl. These should each be drawn, but each in a dif- 
ferent position. 

The following directions, which are based on general prin- 
ciples, apply to all drawing whether from objects or from the fiat, 
tor work in pencil or in any other medium; drawing from another 
drawing, a photograph or a print, whether at the same size or 
larger, is called working from the flat. 
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21. General Directions for Drawing: Objects. First observe 
carefully the whole mass of the object, its general proportions and 
the direction of lines as well as the width of the angles. Then 
sketch the outlines rapidly with very light lines, and take care that 
all corrections are made, not by erasing but by lightly drawing 
new lines as in Fig. 23. By working in this manner much time 
is saved and the drawing gains in freedom. Where the drawing 
is kept down to only one line which is corrected by erasure, the 

line becomes hard and wiry, and 
there is a tendency to be satisfied 
with something inaccurate rather 
than erase a line which has taken 
much time to produce. There is 
always a difficulty at first in draw- 
ing lines light enough, and it is 
well for the beginner to make the 
first trial lines with a rather hard 
pencil. Prftjtice until the habit of 
sketching lines lightly is fixed, 
'y. The ideal is to be able to set down 
exact proportions at the first touch. 
This, however, is attained by com- 
paratively few artists, and only 
after long study, but the student 
will soon find himself able to ob- 
tain correct proportions with only a few corrections. 

22. It cannot be too strongly emphasized that the student 
must teach himself to regard the subject he is depicting, as a whole, 
and to put down at once lines that suggest the outline of the 
whole. This he will find contrary to his inclination, which with 
the beginner is always to work out carefully one part of the draw- 
ing before suggesting the whole. 

There are two objections to this ; in tlie first place, much time 
having been spent on one part, it is almost inevitable that the addi- 
tion of other portions reveals faults in the completed part, and un- 
necessary time is consumed in correcting. The second objection is 
that a drawing made piecemeal is sure to have a disjointed look, 
even if the details are fairly accurate in their relative proportions. 




Fig. 23. Blocking in Trial Lines. 
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The idea of unity is lost and some one detail is aj)t to assume un- 
due importance, instead of all details being subordinated to the 
general effect of the whole. It is always most important to state 
the general truths about the subject rather than small particular 
truths, which impair the general statement. This applies particu- 
larly to small variations in the outline which should be omitted 
until the big general direction or shape has been established. 

23. "Where an outline drawing is desired, after the correct 
lines have l)een found, they should be made stronger than the 
others and then all trial lines erased. In doinj/ this the eraser will 
usually remove much of the sharpness of the correct lines so that 
only a faint indication of the desired result remains. These should 
be strengthened again with a softer j)encil and each line produced, 
as far' as possible, directly with one touch ; in the case of curves 
and very long lines, breaking the line and beginning a new one as 
near as possible to the end of the previous line, but taking care 
that the lines do not lap. 

As soon as the srtldent has acquired some proficiency in draw- 
ing the single figures made from the tablets, groups of two or 
three objects should be attempted. Combinations of books or boxes 
with simple shapes, or vases, tumblers, bowls and bottles will illus- 
trate most of the principles involved in freehand perspective. 
Outline sketches may be made on the slate first and tested in the 
usual way, and afterward the same group may be drawn larger on 
paper. The chief ditiiculty in drawing a group is to obtain the rela- 
tive proportions of the different objects. There is the same objec- 
tion to completing one object and then another as there is to 
drawing a single object in parts. The whole group must be sug- 
gested at once. This can best be done by what is called blocking 
in, by lines which pass only through the principal points of the 
group. The block drawing gives hardly more than the relative 
height and width of the entire group and the general direction of 
its most important lines. But if these are correct, the subdivision 
of the area within into correct proportions is not difficult. The 
longer and more important lines of the ])arts are indicated and 
short lines and details lost. 

34. Testing Drawins^s by Measurement. In drawings which 
are not made on the slate the following method of testing propor- 
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tions is usual. With the arm stretched forward to its greatest 
length, hold the pencil upright so that its unsharpened end is at' 
the top. Move it until this end coincides with the uppermost point 
of the object. Holding it fixed and resting the thumb against the 
pencil, move the thumb up and down until the thumb nail marks 
the lowest point of the object. The distance measured off on the 
j)encil represents the upriglit dimension. Holding the pencil at 
exactly the same distance from the eye, turn it until it is horizon- 
tal and the end of the pencil covers the extreme left point of the 
object. Should the height and width be equal, the thumb nail 
would cover the extreme right edge of the object. If the width is 
greater than the height, use the height as a unit of measurement 
and discover the number of times it is contained in the width. 
Always use the shorter dimension as the unit of measurement. 
The accuracy of the test demands that the pencil should be at ex- 
actly the same distance from the eye while comparing the width 
and heiijht. In order to insure this, the arm must not be bent at 
the elbow and must be stretched as far as possible without turning 
the body, which must not move during the oj)eration. The dis- 
tance from tlie eye to the object must not change during the test, 
and the jK)sition of the eye and body is first fixed by leaning the 
shoulders firmly against the back of the chair. and keeping them in 
that position while the test is taking place. It is equally impor- 
tant in both the upright and horizontal measurement that the pen- 
cil be held exactly at right angles to the direction m which the 
object is seen; ?.^'., at right angles to an imaginary line from the 
eye to the center of the object. In either position the two ends of 
the pencil will be equally distant from the eye. The test should 
be made several times in order to insure accuracy, as there is sure 
to be some sliirht variation in the distances each time. Avoid tak- 
inop measurements of minor dimensions, as the shorter the distances 
measured the more inaccurate the test becomes. At the b(»st meas- 
urements obtained in this way are only approximately correct, and 
too much care cannot be taken in order to render the test of use. 
Applied carelessly, the test is not only valueless, but thoroughly 
misleading. AVlien there is any great confiict between the appear- 
ance of the object and the drawing after it has been corrected by 
the test, it is often safe to assume some mistake in applying the 
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test and to trust the eye. In sueli a case tlie test may be tested by 
the use of the slatt*. A few lines and j>oints will be sufficient to 
indicate the width and height on the slate, and the relative ])ropor- 
tions can then be calculated. 

The plumb-line affords another method of testing. A thread 
or a string with any small object for a weight a ttkched to one end, 
is sufKcient. Hold the string so that i-t hangs vertical and motion- 
less, and at the same time covers some important point in the ob- 
ject. By looking up and down the line the points directly over and 
under the given point can be determined and tlie relative distances 
of other imj)ortant points to the right and left can be calculated. 
The plumb-line will also determine all the vertical lines in the 
object and help to determine divergence of lines from the vertical. 

A ruler, a long rod, or ])encil held in a j)erfectly horizontal 
|X)sition is also of assistance in determining the wHdth of angles 
and divergences of lines from the horizontal. 

25. Misuse of Tests. The use of tests may easily be per-« 
verted and become mischievous. Since the object of all draw- 

m 

ing is to train the hand and eye, it follows naturally that the more 
the student relies upon tests the less wmII he depend upon his per- 
ceptions to set him right, and the less education will he be giving 
to his perceptions. There is no greater mistake for a student than 
to use the measuring test before making a drawing. Spend any 
amount of time in calculating relative proportions by the eye, but 
put these down and correct them by the eye, not once but many 
times before resorting to tests. All the real education in drawintr 
takes place before the tests are made. T^t the student remember 
that the tests may lielp him to make an accurate drawing, but they 
will never make him an accurate draftsman in the true sense. 
Nothing but training the eye to see and the hand to execute 
what the eye sees, will do that. When the student has reached 
the end of his knowledge, has corrected by the eye as far as he 
can, then by applying tests he is enabled to see how far his percep- 
tions have been incorrect. That is the only educational value of 
the test. Merely to make an accurate drawing with as little men- 
tal effort as possible, relying upon test measurements, requires 
considerable practice and skill in making the tests, but gives very 
little practice or training in drawing. 
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26. Light and Shade. Objects in nature, as before explained, 
detach themselves from each other by their differences in color an(i 
in licrht and shade. 

In drawing without color, artists have always allowed 
themselves a very wide range in the amount of light and shade 
employed, extending from drawing in pure outline up to the 
representation of exact light and shade, or of true values, as it is * 
called. 

Drawings which contain light and shade may be divided into 
two classes: Form drawing, which is from the point of view of 
the draftsman, and value drawing, which is from tlie point of view 
of the painter. 

27. Form Drawing. In form drawing the chief aim, as the 
name implies, is to express form and not color and texture. In 
order to do this", shadows and cast shadows are indicated only as . 
far as they help to express the shape. This is the kind of drawing 
practiced by most of the early Italian masters, and it has been 
called the Florentine method. It is often a matter of careful out- 
line with just enough shadow included to give a correct general 
impression of the object. There is usually little variety in the 
shadow and no subtle graduations of tone, but the shadows are 
indicated with sufficient exactness of shape to describe the form 
clearly. Form drawing is a method of recording the principal 
facts of form with rapidity and ease and of necessity deals only 
with large general truths. Perhaps its most distinguishing feature 
is that it does not attempt to suggest the color of the form. 

28. Value Drawing. The word value as it is used in draw- 
ins is a translation from the French w^ord ndefw. and as used bv 
artists it refers to the relations of light and dark. 

Value drawing represents objects exactly as we see them in 
nature; that is, not as outline, but as masses of lights and darks. 
In value drawing the artist reproduces with absolute truth the dif- 
ferent deirrees of. lit^ht and shade. While form drawinir suiXirests 
relief, value drawing represents it, and it also represents by trans- 
lating them into their corresponding tones of gray, the values of 
color. In form drawing, a draftsman representing a red object 
and a yellow one, would be satisfied to give correct proportions 
and outlines w^th one or two principal shadows, while a value 
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drawing of the same objects would show not only the relation of 
the shadows as they are in nature, but also the further truth that 
the red object was as a whole darker than the ytillow one. The 
light side of the red object might even be found to be darker in 
value or tone than the shadow side of the yellow form. 

29. Values. Drawing has been called the science of art, 
but artists have rarely approved the introduction of scientific 
methods in the study of drawing, fearing lest the use of formulas 
should lead to dull mechanical results. Students are left to discover 
methods and formulas of their own. It is true that every success- 
ful draftsman or artist has a method which he has worked out for 
himself, but he usually feels it to be so much a matter of his own 
individuality, that he is reluctant to impose it on students, who are 
likely to confound what is a vital principle with a personal man- 
nerism, and by imitation of the latter injure the quality of personal 
expression which is so important in all creative work. So there is 
an inclination among drawing teachers to distrust anything which 
tends even to formulate the principles of drawing. Recently there 
has been, however, a distinct advance in the study of these prin- 
ciples, under the leadership of Dr. Den man W. Ross, of Harvard 
University, who has made it possible for the first time to speak 
with exactness of colors and values. As Dr. Ross has permitted 
the use of his valuable scale in this text book, it will greatly. assist 
in making tangible and clear, what would otherwise be obscure 
and difficult to explain. 

The word values as used in the text book refers entirely to 
relations of light and dark. For instance, the value of a given col- 
or, is represented by a tone of gray which has the same density or 
degree of light and dark that the color has. The value of a spot of 
red paint on a w-hite ground is expressed by a spot of gray paint 
which appears as dark on the white ground as does the red paint, 
but from w-hich the color principle has been omitted. A good pho- 
tograph of a colored picture gives the values of the picture. A poor 
photograph, on the contrary, distorts the values and blues are often 
found too light, while reds and yellows will be too dark to truth- 
fully express the values of the original color. 

30. The Value Scale. All possible values which can be rep- 
resented in drawing, lie between the pure whites of paper or pig- 
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iiients and the {)iire black of pen- 
cil, ink, or otlier pigments. In 
order to think or 8|H*ak precisely 
of the ffreat ranae of values be- 
tween black and white, it is 
necessary that they shall be clas- 
sified in some way. It is not 
sufficient to say that a given 
shadow is liijht, or medium, or 
dark in value. Dr. Koss has 
overcome the difficulty by ar- 
ranging a value scale of nine 
e(|ual intervals, which covers the 
whole range from pure white to 
])ure black. Each interval has 
its appropriate designation and 
a convenient abbreviation. This 
scale affords a practical working 
basis for the study of values. It 
is evident that while the indi- 
vidual scale does not include all 
possible values, it can readily be 
enlarged indefinitely by intro- 
ducing values between those of 
the scale as described. As a 
matter of fact, any differences in 
value that might come between 
any two. intervals of the scale 
would rarely be represented, as 
it is the practice in drawing to 
simplify values as much as pos- 
sible; that is to consider the 
general value of a mass, rather 
than to cut it up into a number 
of slightly varying tones which 
are not necessary for expressing 
anything of importance in the 
object. 
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3f. How to Make a Value Scale. Fig. 24 shows a value 
scale with the names of the intervals and their abbreviations. In 
making a value scale the student should work in pencil, confining 
each interval within a circle three-quarters of an inch in diameter. 
"White will be represented by the white paper with a circle penciled 
about it. Black (B) and white (W) should be established first, 
then the middle value (M), light (L) and dark (D); afterward the 
remaining values, low light (LL), high light (HL), low dark (LD) 
and high dark (HDj. 

32. How to Use a Value Scale. When the objects to be 
drawn are neutral in color, that is, are black, white, or gray, the 
relative values are perceived without special diflSculty. When the 
objects are in color, the draftsman is obliged to translate the color 
element into terms of light and dark. 

In order tc determine the value of any surface, it is a help to 
compare the surface with a piece of white paj)er held in such a way 
that it receives the greatest amount of light. It not infrequently 
happens that two surfaces quite different in color will be of exactly 
the same value. The student should make a practice of observing 
the relative values of things about him, even when he is not engaged 
in drawing. 

Place a sheet of white paper in the sunlight as it falls through 
a window and compare its value with that of white paper further 
in the room and outside of the sunlight. Try a similar experiment 
with black. These merely show what everyone may suppose that 
he knows already — that the less light a surface receives the darker 
value it appears to have. As a matter of fact, beginners are more 
ready to accept this truth with regard to color than they are when 
it relates to black and white. 

An instructive way of studying values is to look through a 
closed window and compare the values of forms outside to the value 
of the window sash. Even when the sash is painted white, it will 
often be observed to appear darker than any shadow out of doors. 

33. General Directions for Drawing: the Examination 
Plates. The examination plates are planned to give as great? a 
variety to the style of drawing as possible. The architect is called 
upon to use freehand drawing in two general ways; to make work- 
ing drawings of ornament, either painted or carved, and to make, 
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for reference, sketches or notes, more or less elaborate, from orna- 
ment already in existence, or from buildings either entire or in 
part, as well as from their landscape setting. This course will not 
include drawing of architecture and landscape. 

In making a working drawing of ornament every sha{)e and 
curve should be drawn to perfection, with clean, careful lines, in 
order that there shall be no opportunity for the craftsman who 
executes the work to interpret it differently from the designer's 
intention. Light and shade are used sparingly as the exact 
amount of relief is indicated by sections. 

In making sketches or notes, while proportions must be accu- 
rately studied, form may be suggested by a much freer quality of 
line. In a working drawing light and shade maybe merely indi- 
cated or may be carried to any degree of elaboration. The natural 
way of teaching this kind of drawing is to work from the objects 
themselves or from casts. This is not possible in a correspondence 
course, but all the principles of sketching may be very well taught 
by drawing from photographs of ornament, and this method has 
some decided advantages of its own for a beginner. The light 
and shade in the photograph are lixed, while in sketching objects 
out of doors it changes constantly, and even indoors is subject to 
some fluctuation; and then, in the photograph the object is more 
isolated from its surroundings and so is less confusing to perceive. 

In order to train the sense of proportion as thoroughly as pos- 
sible, the plates are to be executed on a much larger scale than the 
examples, but at no lixed scale. Plati each drawing to be as large as 
possible, where no dimensions are given, but do not allow any point 
in the drawing to approach nearer than one inch to tlie border line. 

34. Varieties of Sliadins^. In drawing in pen and ink, all 
effects of shadow are. made by lines, and different values are ob- 
tained by varying the width of lines, or of the spaces between the 
lines, or by both. In any case the integrity of each line must be 
preserved and there can be very little crossing or touching of shade 
lines, as that causes a black spot in the tone unless lines cross each 
other systematically and produce cross liatcliing. With the pen- 
cil, however, owing to its granular character one inay produce a 
tone without any lines; a tone made up of lines which by touching 
or overlapping produce a soft, blended effect, in which the general 
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direction of the strokua is still visible, or a tone intide up of pure 
lines as in pen work. In general it does not matter so nmcli, as 
in pen drawing, if lines toncli or overlap. Indeed, the natural 
character of the pent-il line leads to a treatment wliich includes 
both pure lines and mure or less blended effects. 

35. Directions of Shade Lines. It is always & very impor- 
taut matter to decide what direction shade lines shall take. While 
it is impossible to give ndes for it, a good general principle is to 
make the direction of the lines follow the contours of the form. 
The easiest and simplest irietbod is to make all the lines upright. 
This method is a very popular one with architects. The objec- 
tions to it are monotony and a lack of expression, but it iacertainly 
a very safe method and far preferable to one where desire for 
variety has been carried too far and lines lead the eye in a great 
number of different directions which contradict the general lines 
of the surface or form. A natural treatment is to adapt the direc- 
tion of lines to the clian«'ter of the surface represented; tliat is, to 
treat curved surfaces with curving lines and Hat planes with 
straight lines, and in general, lines may very well follow either 
the contours or the surfaces of the form. In that way variety itt 
olitained and the direi-tion of the shading liel]is to expn^ss the char- 
acter of the thing represented. This principle must, however, lie 
moditied when it leads to the introduction of violently opfrosing 
sets of lines. Abrupt transitions must be avoided and the change 
from one direction to anotlier must be accomplished gradually. 

Where a large surface is to receive a tone, the tone can best 
be made by a series of rather short lines side by side with succeed- 
ing writ's juxtapose!.!. The lengths 
of the lines in each of tbeseries must 
vary consideraiily in order that the 
breaks in the lines may nut occur in 
even roWs, jjroducing lines of white 
through the tone. (See Fig, 25.) 

The crossing of one system of 
parallel lines by another system is 

FlE. as. Method ol BreaklOB Llnss ,, , _ ■.»■-• in- .1 ■ 

coTeriQg a Large Surface. called cross hatching. This method 
probably originated in copjjerplate engraving, to which it is very 
well adapted, especially as a means of modifying and deepening 
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tones. It also changes and breaks up the rather stringy texture 
produced by a succession of long parallel lines. It has now become 
somewhat obsolete as a general method for pen or pencil drawing, 
largely because the result looks labored, for it is always desirable 
to produce effects more simply and directly, that is, with one set 
of lines instead of two or more. If the tone made by one set of 
lines needs darkening, it is now more usual to go over the first tone 
with another set of lines in the same direction. 

A great many drawings have been made with shade lines all 
in a diagonal direction, but this is open* to serious objection and 
should be avoided. A diagonal line is always opposed to the prin- 
ciple of gravitation, and tends to render objects unstable and give 
them the appearance of tilting. It is often desirable to begin a 
tone with diagonal lines which, however, should gradually be made 
to swing into either an upright or horizontal direction. 
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Materials Required. One Wollff's solid ink black pencil; one F pencil; one HB 
pencil; two dozen sheets of paper (same as practice paper of other courses, but to be used 
for examination sheets In this) ; one red soft rubber; one medium rubber— green or red. 
with wedge ends ; one drawing board ; six thumb tacks ; one box natural drawing models ; 
one Cross slate ; one Cross pencil ; one-half dozen sheets of tracing paper. 

After the preliminary practice with straight lines and curves the student may pro- 
ceed to execute Plates I and II. 



PLATE I. 

The principal dimensions in inches are indicated on the model 
plate. All dimensions and proportions should however be determine<l 
by the eye alone. Measurements may be used as a test after the 
squares are laid in. The figures on the left should be executed first, 
in ordejP to avoid rubbing by the hand and sleeve. 

Figs. 1, 2, 3, 4, 5 are motives from Eg}'^ptian painted decoration. 
Figs. 1, 2, 4 and 5 are all derived from or suggested by patterns pro- 
duced by plaiting or wearing. The borders of Fig. 3 are derived 
from bundles of reeds bound together. 

As all the figures are large and simple, they should be executed 
with a rather wide line drawn with the F pencil. Draw the construc- 
tion lines on this and on all other plates where they are necessary, so 
lightly that they can be perfectly erased without leaving any indenta- 
tion in the paper. After the construction lines are drawn out in Figs. 
4 and 5, strengthen the lines of the pattern. In erasing, much of the 
pattern will be removed. This time go over each line with a single 
stroke of the solid ink pencil. Do not turn the paper in drawing 
diagonal and vertical lines. They are given especially to train the 
hand to execute such lines. By turning the paper the exercise be- 
comes one of drawing horizontal lines, which are the least diflScult. 

Fig. 6 is the skeleton of a verj^ common type of ornament con- 
sisting of curved lines radiating from a point at the base, on either side 
of a central axis. 
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PLATE II. 

Fig. 1 is the basis of a large class of ornament founded on the 
lines of organic growth, called scrolls or meanders. 

Fig. 2 is an Egyptian border consisting of alternate flower and 
bud forms of the lotus, the most tj^ical and universal of all the Egyp- 
tian decorative units. The outline of the flower displays the Egyp- 
tian feeling for subtlety and refinement of curve. Observe how the 
short rounded curve of the base passes into a long subtle curve which 
becomes ahnost straight and terminates in a short full turn at the end. 

Fig. 3 is a simple form of the guilloche (pronounced gheeyoche), 
a motive which first becomes common in Assyrian decoration and is 
afterward incorporated into all the succeeding styles. 

Fig. 4 is the skeleton of a border motive where the units are dis- 
posed on either side of the long axis of the border. 

Figs. 5 and 7 are varieties of the Greek anthemeum or honey- 
suckle pattern, one of the most subtle and perfect of all ornamental 
forms. Observe in Fig. 5 the quality of the curves — the contrast of 
full rounded parts with long curves almost straight which characterize 
the Egyptian lotus. Note in both examples that there is a regular 
riatio of increase both in the size of the lobes and in the spaces between 
each, from the lowest one up to the center. It is invariably the nile 
that each lobe shall be continued to the base without touching its 
neighbor. 

Fig. 6 is an Egyptian "all-over" or repeating pattern painted on 
wall surfaces. It is made up of continuous circles filled with lotus 
forms and the intervening spaces with buds. 

PLATE III. 

This plate is to contain nine outline drawings illustrating Rules 
8, 12, 13, 14, 15, 17, 18, 19, 20. The drawings may be made and cor- 
rected on the slate and then copied on to the paper or they may be 
drawn directly on the paper. They may be from the models or from 
simple geometric objects such as boxes, blocks, cups, pans, plates, 
spools, flower pots, bottles, etc. 

PLATE IV.* 

These are characteristic forms of Greek vases. Fig. 1, the Lechy- 



NoTE. TUs plate and all succeeding ones are to be surrounded by a border line, 
drawn freehand one Inch from the edge of the paper. 
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thos, was used to hold oil, Fig. 2, the Kantheros, is one form of the 
drinking cup, and Fig. 3, the Hydria, for pouring water. 

The drawing of these vases includes a great variety of beautiful 
curves. They are to be executed entirely in outline, and both con- 
tours and bands of ornament and the relative sizes of each are to be 
preserved. 

Calculate the heights so that the bases shall each be one inch 
from above the border line and the upper point of Fig. 3 about one 
inch below the border line. In sketching them in, first place a con- 
struction line to represent the central axis. Across this, sketch the 
outlines of the horizontal bands and then sketch the contours, follow- 
ing the general directions given in Sections 21 and 25. Remember 
that lines are to be drawn lightly and corrections made by new lines 
and not by erasures. Use the arm movement as much as possible in 
drawing the curves. Before executing the examination paper, prac- 
tice drawing each vase entirely without corrections of the lines. 

PLATE V. 

Fig. 1 is from the pavement in the Baptistery at Florence and is 
in the style called Tuscan Romanesque. The pointed acanthus 
leaves in the small border at the top, are identical in character with 
the Byzantine acanthus. 

This drawing is to be treated like a sketch made from the object. 
After sketching in the pattern and correcting in the usual way by 
drawing new lines, erase superfluous lines and strengthen the outlines 
by lines made with one stroke. The final outline should, however, 
be loose and free in character and express the somewhat roughened 
edges of the pattern in white. This does not mean that the direction 
of the line must vary enough to distort any shapes. Observe that 
most of the shapes appear to be perfectly symmetrical only their edges 
seem slightly softened and broken. Fill in the background with a 
tone equal to the dark (D) of the value scale. ^Nlake this tone by 
upright lines nearly touching each other and if the value is too light 
at first, go over them again by lines in the same direction. If a back- 
ground line occasionally runs over the outline, it will help to prcKluce 
the effect of the original. 

Figs. 2, 3, 4 and 5 comprise typical forms of Greek decorated 
mouldings. The examples have much the character of a working 
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FLATB IV. FIG. 1. 

The Lechythos. 

al Greek Vsu U>ed to H< 



PLATE IV. FIG. 2. 

The Kantheros. 
T}[dcal Grtek Taiw Used (or a DrinklnK Cnp. 



PLATE IV. FIG. 3. 
The Hydria. 

Typical Greek Vase U«d for Ponri 



platb v. fig. 1, 
Pavemetit from the Baptistery, Florence. 




FIG. 2. PLATE V. FIC 

Typical Forma of Greek Decorated MouldinKs. 




G- 4- PLATE V. FIG 

Typical Forms of Greek Decorated Mouldings. 
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drawing and the plates are to be enlarged copies, but instead of fol- 
lowing the character of the light and shade of the original, the shadows 
are to be executed by upright lines. (See Section 37.) The darker 
shadows are to be the vahie of dark (D) of the scale, the lighter ones 
the value of middle (M). 

PLATE VI. 

Place these drawings so that there will be at least an inch be- 
tween them and about half an inch between the border line and 
the top and bottom. 

Fig. 1 is from a drawing of a wrought iron grille in a church in 
Prague. Some idea of the shape of the pieces of iron is conveyed by 
the occasional lines of shading. The pattern will be seen to be dis- 
posed on radii dividing the circle into sixths. Construct the skeleton 
of the pattern shown, establishing first an ecjuilateral triangle and 
the lines which subdivide its angles and' sides. About this draw 
the inner line of the circle and extend the lines which sulxlivide the 
angles of the triangles, to form the six radii of the circle. Complete 
the outlines of the pattern before drawing the shading lines. This 
drawing with its lines and curves all carefully perfected represents 
the kind of working drawing which an architect might give to an iron- 
smith to work with, although in a working drawing, a section of the 
iron would be given and each motive of the design would propably \ye 
drawn out only once and then as it was repeated it would be merely 
indicated by a line or two sketched in. 

Fig. 2 is from a photograph of a wrought iron grille at Lucca in 
the style of the Italian Renaissance. The drawing to be made from 
this, the student must consider to be a sketch, the sort of note or 
memorandum he might make were he before the original. 

The accompanying detail gives a suggestion of the proper treat- 
ment. The general shape of the whole outline shoukl be indicated 
and the larger geometric subdivisions; the details of two of the 
compartments suggested by light lines and those of the remainder 
either omitted or very slightly suggested. Try to make the drawing 
suggest the "hammered" quality of the iron. Although the curves 
are all beautifully felt, there are slight variations in them produced 
by the hammer, or they are bent out of shape by time, and the thick- 
ness of the iron varies sometimes by intention and sometimes by acci- 
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Wrought Iron Grille, Prague 



PLATE VI. liIG. 2. 
Wroug:ht Iron Grille. Lucca- 
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(lent. Take care, however, not to ex^gerate tlie freedom of the 
lines aiid do not carrj' the variation so far that curves are distorted. 
Make the drawing in outline first 
with a line which breaks occasion- 
ally, with portions of the line 
omitted. This helps to indicate 
the texture of tlie iron and suj^sts 
its free hand-made character. 

That part of the background 
which in the photograph appears 
black behind. the iron, should be 
filled in with a tone equal to the 
dark (D) of the value scale. It 
should only l>e placed behind the 
, .. two compartments which are most 

Detail otPil'i«vi.'pig. 2. carefully drawn, with perhaps an 

irregular patch of it in the adjoining 
compartment. In making the background use single pencil strokes, 
side by side, with the solid ink pencil, ver^' near together or occasion- 
ally touching. Give a .slight curve to each stroke. The direction 
of the lines may be either upright, or they may keep the leading 
direction of the genera! lines of the pattern, but they should not 
Iw stiff or mechanical. If the value is not dark enough another set 
of lines may be made over the first ones, keeping the .same direction. 
The only parts of the ironwork itself which recjuire shading are 
tho.se twisted pieces which mark the sulKhvision, the outer edge, 
an<l the clasp. For this use a tone equal to the middle (M) of the 
value scale. Avoid explaining too carefully the twists and u.se the 
shawling only in the dark side. Use a few broken outlines on the 
right si<le, just enough to suggest it and do not darken the fiat piece of 
iron behind the twists except on the .shadow .side. Donot count the 
number of twists but indicate them in their projjer size and the effect 
will be near enough for this kind of a drawing. .Shade only those 
twists which are nearest the compartments which are detailed; from 
them let the detail gradually die away. 

PLATE VII. 

This figure is a rosette made up of the Roman or soft acanthus. 
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and the drawing has the general character of a working drawing. 
Every part is very clearly expressed in outline, slightly shadowed, 
and a section explains the exact contours. In drawing the outline of 
the leaflets, observe that one edge, usually the upper is generally ex- 
pressed by a simple curve and the other edge by a compound curve, 
the variation in which, however, is slight. Draw a circle first to con- 
tain the outer edge of the rosette and sketch in lightly the main rib or 
central axis of each leaf. Then block in the general fonn of the leaves, 
not showing the subdivisions at edges. Next place the eyes — the small 
elliptical spots which separate one lobe from another — antl draw the 
main ribs of each lol)e, finally detailing the leaflets in each lobe. In 
shading use the value dark (D) for the darkest values and the middle 
value (M) for the others, and instead of producing a perfectly blended 
tone as in the original, let the tone retain some suggestion of lines, the 
general direction of which should follow that of the main ribs in the 
leaves. In the shadow of the rosette on the background, let the lines 
be upright. Lines naturally sliow less in very dark values than in 
lighter tones, for it is diflScult to produce the darker values without 
going over the lines with another set and that has a tendency to blend 
all the lines into a general tone. 

PLATE VIII. 

Plate VIII is a sculptured frieze ornament intro(lucing various 
forms of the Roman or soft acanthus. In this as in all scroll drawing, 
the skeleton of the pattern should be carefully drawn, then the leaves 
and rosettes disposed upon it. Always draw the big general form of 
the acanthus, and proceed gradually to the details as described in the 
directions for Plate VII. This like Plate VII, has the general charac- 
ter of a working drawing, only in this case there is no section. Use 
the same values and same suggestions for directions of line as in 
Plate VII. 

PLATE IX. 

This plate is an example of the Byzantine acanthus on a fragment 
in the Capitoline Museum. In drawing this, place the central axis or 
main rib of the leaf first, then establish the position of the eyes — the 
egg-shaped cuts which separate the lobes. The general contour of 
the lobes and their main ribs should next be blocked in before the 
final disposition of the points or leaflets is determined. 



64 



Seel ion Throunh Center. 
PLATS VII. 

Acanthus Rosette. 



PLATB IX. 
TbU Is also Id be drawn ai Fig. 1. Plate X. 

e Acanthus, from a fragment in the Capitoline Museun.. 
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The drawing of this plate is to be enlarged to about ten inches in 
height and well placed on the sheet with the center of the drawing 
coinciding with the center of the plate. This drawing is to be made 
by the use of tw^o values only, with white, and the student may select 
his own values. The object is to select the most important 
features and to omit as much as possible. It would be well for 
the student to first try to see how much he can express with one 
value and white. The values are to be obtained by upright lines. 
Outlines are to be omitted as far as possible in the finished sketch 
and forms are to be expressed by the shapes of the masses of 
shadow. Where onlv two values and white are to be used, it is 
desirable to leave as much white as possible and not allow the 
shadow values to nm too near to black as that produces too harsh a 
contrast with the white. On the other hand, if the shadow values are 
too high in the scale, that is too near white, the drawing becomes weak 
and washed out in effect. As this drawing is to be large in scale, it 
should be made with the solid ink pencil and with wide pencil strokes. 
After the outline has been sketched in, the shading or "rendering" 
may be studied, first on tracing paper over the drawing. There 
should be no attempt at rendering the background in this drawing. 

PLATE X. 

Figs. 1 and 2 are to be placed on this plate, but Fig. 1 is to be 
rendered this time as near to the true values as it is possible to go 
by using four values and white in shading. The pencil lines should 
be blended together somewhat, but the general direction of the shad- 
ing should follow the central axis of the lobes. Only the leaf itself 
is to be drawn and the background value should be allowed to break 
in an irregular line about the leaf. It should not be carried out to an 
edge which would represent the shape of the entire fragment of stone 
on which the leaf is carved. In studying the shapes of the different 
shadows it is well at first to exaggerate somewhat and give each value 
a dean, definite shape even if the edges appear somewhat indefinite 
in the original. At the last those edges which are blurred may be 
blended together. 

Fig. 2 is a Byzantine capital from the church of San Vitale, at 
Ravenna. This is to be drawn so that the lines of the column shall 
fade off gradually into nothing and end in a broken edge instead of 
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stopping on a horizontal line as in the original. The top of the draw- 
ing above the great cushion which rests on the capital proper should 
also fade off into nothing and with a broken line instead of the hori- 
zontal straight line. A small broken area of the background value 
should be placed either side of the capital. In drawing an object like 
this which is full of small detail there is danger of losing the larger 
qualities of solidity and roundness by insisting too much upon the 
small parts and there is also danger of making the drawing too spotty. 
It is a good principle to decide at first that the detail is to be expressed 
either in the shadow or in the light, but not equally in both. This 
principle is based on one of the facts of vision, for in looking at an . 
object one sees only a comparatively small amount of detail; what 
falls on either side of the spot on which tlie eye is focused appears 
blurred and indistinct. In an objec*t of this kind whose section is 
circular, one can best express the shape by concentrating the study 
of detail at the point where the light leaves off and shadow begins, 
representing less and less detail as the object turns away from the 
spectator. In this drawing, however, there may be more detail ex- 
pressed in the shadow than in the light, but remember that outlines 
of objects in shadow lose their sharpness and become softened. Do 
not attempt to show all the grooves in the parts in shadow; indicate 
one or two principal ones and indicate more and more detail as the 
leaves approach the point where the light begins. There the richness 
of detail may be fully represente<l, but as the forms pass into the light, 
omit more and more detail. Again observe that any small plane of 
shadow surrounded by intense light, if examined in detail, appears 
darker by contrast, but if represented as dark as it appears it becomes 
spotty and out of value. If observed in relation to the whole 
object its real value will be seen to l)e lighter than it appears when 
examined by itself. Use white and four values to be determined by 
the student. Guard against too strong contravSts of values within the 
shadow as it cuts it up and destroys its unity, and in everj' drawing 
made, show clearly just which is the shallow side and which is the 
light. That is, do not place so many shadow values within the light 
that it destroys it, and do not invade shadows with too many lights 
and reflec*ted lights. Note that it is characteristic of the Byzantine 
acanthus to have the points of every tine or lobe touch something; 
no points are left free, but observe also that the points have some sub- 
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stance and width at the place they touch and must not be represented 
by a mere thread of light. It would be a mistake to introduce much 
variety of direction in the lines in this drawing, especially in the 
shadows, as it would "break it up" too much. The concave line of 
the contour of the capital may well determine the dominant direction 
of the lines which should not be very distinct as lines, but should blend 
considerably into general tones. \Mierever a plane of shadow stops 
with a clean sharp edge the drawing must correspond, for its interest 
and expressiveness depend upon its power to suggest differences in 
surface — those surfaces which flow gradually into one another as well 
as those in which the transitions are sharp and abrupt. 

The student should be very scrupulous about using only the 
values of the scale, and in the lower left comer of each sheet he should 
place within half-inch squares examples of each value used on the 
drawing with its name and symbol indicated. 

PLATE XI. 

Thi§ capital, of the Roman Corinthian order, is in the Museum of 
the Baths of Diocletian in Rome. 

The foliated portions consist of olive acanthus, and the student 
should carefully study the differences between this and the soft acan- 
thus. It will be noted that the greatest difference is in the subdivi- 
sion of the edges into leaflets. In the soft acanthus there is always a 
strong contrast of large and small leaflets and the lobes overlap each 
other, producing a full rich effect and the general appearance is more 
like that of a natural leaf. In the olive acanthus the leaflets in one 
lobe differ slightly from each other in size, are narrower, and bounded 
by simple curves on either side, where the leaflet of the soft acanthus 
has the compound curve on one side. 

The student may use as many values as he thinks necessary, but 
he should be conscientious in keeping his values in their scale relations 
and should place an example of each value used, with its name in one 
corner of the drawing. 

To make a satisfactory drawing of a form so full of intricate 
detail as this is difficult, as there is a great temptation to put in all one 
sees. The general instructions for drawing Plate VII are equally 
applicable here. The student should remember that a drawing is an 
explanation, but an explanation which can take much for granted. 
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PLATK X. FIG. 2. 
Byzantine Capital, from the Church of San Vilale Ravenna. 
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For instance, if the carved ornament on the mouldings or at the top 
of the capital are expressed where they receive full light, they must 
become more and more vague suggestions and finally disappear in 
the strong shadows; so the division line between the two mouldings 
of the abacus may be omitted in shadow and the mind will fill in 
what the eye does not see. One could go farther and express the detail 
only for a short space, letting it gradually die away into light or be 
merely indicated by a line or two, and still the explanation would be 
sufficient and far less fatiguing to the eye than literal insistence on 
ever)' detail for the entire length. It is an excellent plan to look at 
the original, whether a photograph or the real object, with half closed 
eyes. This helps decidedly to separate the light masses from the 
darks and shows how much that is in shadow may be omitted. 

The smaller lobes on the olive acanthus have no main ribs and 
lines are carried from the intersection of each leaf toward the base, 
the section of the leaflet being concave. The section of the leaflets 
on the soft acanthus is more V-shaped. 

^ PLATE XII. 

This is a portion of a pilaster decoration in the Italian Renais- 
sance style. The acanthus is of the soft Roman type, but much more 
thin and delicate with the eyes cut back almost to the main ribs and a 
space cut out between each lobe so there is rarely any overlapping 
of lobes. Lay out constniction lines for the scrolls, blocl: :n all fonns 
correctly, detailing little by little, so carrying the whole drawing along 
to the same degree of fini.sh 
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A Typical Perspective Drawing Renilfrt-d in Pen and Ink. 
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DEFINITIONS AND GENERAL THEORY. 

1. Whkn any nbjeut in spacer is l)piiig viewed, r-.iya nf liplit 
are refl<'cteil ffnni nil poiiibi of its visilile siivface, ami eiit*T the 
eye iif the oljs(,i\cr Ihese i-aya of liglit iire culled visual rays. 
They stiike upon tlie sensitive membrane, calleil tlie i-etina, of 
the eye, ftnd form an image It is from tJiis image that the 
observer i-Lt(,i\es his impie«sion of the appearance of the object 
at which he ib looking 

2. Ill Fig. 1, let the triangular canl nl'O i-eprewnt any ohject 
ill spate. Tlie image 

of it on the retina 
of the olwerver's eye 
will be formed Iiy 
the visual rays re- 
fle(;t4'd fi-om its sur- 
face. These niys 
form a pyramid or 

eoiie which has tlie observer's eyi^ for its ai)cx, mid the object in 
fil»ace for its Imse. 

3. If a tiiinsparent plane M, Fig, 2, l>e placed in such a 
position that it will intersect the cone of visual rays as shown, 
the intersection will be a projection of the object upon the plane 
M. It will 1)6 noticed tliat the jimjccting lines, or projectors, 
instead of being perpendicnlar to the plane, as is tlie case in 
orthographic projection,* are the visual mys which all converge to 
a single point coincident with the observer's eye. 

• In ortliographro projeotlon aii objwt <■ rejirenmleil ujkui twnplanw Hi right angle* 
t'> each niher. by Knea drawn porpendlrulsr to tIi«so iilniii-» rmm all piilTilx <iii [liti clgiw i>r 
rontniir of ihe cihjeet. Siath pprpendlpular llnet iiiteiwrtiiig tliu vlaiies givo HuiiruH wliii^li an 
called |jru}n<'llr>iia (nrfAofini/ijIif) or lh«i>l>J<i'I, 
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Fig. 2 



4. Every ix)int or line in the projection on the plane M will 
appear to the ohsei-ver exactly to cover the corresponding jK)int or 
line in the object Thns tlie observer sees the point «** in the 
projection, apparently jnst coincident with tlie point a in tne 
object. This must evidently be so, for both the points a^ and a 
lie on the same visnal ray. In the same way the line a^h^ in the 
projection must appear to the observer to exactly cover the line 
ah in the object ; and the projection, as a whole, mnst present to 
him exactly the same appearance as the object in space. 

5. If the projection is supposed to be i)ermanently fixed 

upon the plane, the 
object "in space may 
])e removed without 
affecting the image 
oh the retina of the 
observer's eve, since 
the visnal rays which 
were originally re- 
flected from the sur- 
face of the object 
are now reflected 
from the projection 
on the plane M. In 
other words, this 

projection may be 
used as a substitute for the object in space, and when placed in 
proper relation to the eye of the o})server, will c(mvey to him an 
impression exactly similar to that which would l)e produced were 
he looking at the real object. 

6. A projection such as that just described is known as a 
perspective projection of the object which it represents. The 
plane on which the perspective projection is made is called the 
Picture Plane. The position of the obsei-ver's eye is called the 
Station Point, or Point of Sight. 

7. It Avill l>e seen that the perspective projection of any 
point in the object, is where the visual i-ay, through that ix)int, 
pierces the picture plane. 

8. A perspective projection may be defined as the represen- 
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tatioii, upon a plane, surf ace, of the appearance of objects as seen 
from some given point of view. 

9. Before beginning tlie study of the construction of the 
pei-spective projection, some considemtion should be given to 
phenomena of perspective. One of the most important of these 
phenomena, and one which is the keynote to the whole science of 
pei-spective, has been noticed by everyone. It is tlie apparent 
diminution in the size of an object as the distance between the 
object and the eye increases. A j-ailroad train moving over a 
long, straight track, furnishes a familiar example of this. As the 
train moves farther and farther away, its dimensions apparently 
become smaller and smaller, the details grow moi*e and more 
indistinct, until tlie whole train appears like a black line crawling 
over the ground. It will be noticed also, that the speed of the 
train seems to diminieh as it moves away, for the equal distances 
over which it will travel in a given time, seem less and less as 
they are taken fartlier and farther from the eye. 

10. In the same way, if several objects having the same 
dimensions are situated at different distances from the eye, the 
nearest one appears to 

be the largest, and the 
othera appear to be 
smaller and smaller as 
they are farther and 
farther away. Take, 
for illustration, a long, 
straight row of street- 
lamps. As one looks 
along the row, each 
succeeding lamp is ap- 
jiarently shorter and smaller than the one before. The reason for 
this can easily be explained. In estimating the size of any object, 
one most naturally compares it with some other object as a stand- 
aid or unit. Now, as the observer comj)ares the lam[>-iM)sts, one 
with another, the result will l)e something as follows (see Fig. o). 
If he is looking at the top of No. I, along the line ///?, the top of 
No. 2 is invisible. It is apparently below tlie top of No. 1, for, in 
order to see No. 2, he has to lower his eye until he is looking in 
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the direction ba^. He now sees the t«p of No. 2, but the top of 
No. 1 seems some distance above, and he naturally concludes that 
No. 2 appears shorter than No. 1. As the observer looks at the 
top of No. 2, No. 3 is still invisible, and, in order to see it, he has 
to lower his eye still farther. Comparing the bottoms of the posts, 
he finds the same apparent diminution in size as the distance of 
the j)osts from his eye increases. The length of the second ])ost 
api)ears only equal to the distance vui as measured on the first 
post, while the length of the thiitl post appears only equal to the 
distance os as metusured on post No. 1. 

11. In the same way that the lamp-posts appear to diminish 
in size as they recede from the eye, the parallel lines (a, a„ 
f/jj, etc., and c, c^, c,,, etc.) which run along the tops and bot- 
toms of the posts ai)pear to converge as they recede, for the dis- 
ttmce between these lines seems less and less as it is taken farther 
and farther away. At infinity the distance between the lines be- 
comes zero, and the lines appear to meet in a single ix)int. This 
point is called the vanishing: point of the lines. 

12. If any object, as, for illustration, a cube, is studied, it 
will be seen that the lines which form its edges may be seiwamted 

into groups accoixling 
to their different direc- 
tions; all lines having 
the same direction form- 
ing one group, and aj)- 
parently converging to 
a common vanishing 
point. Each group of 
parallel lines is called a 
system, and each line 
an element of the sys- 
tem. For example, in Fig. 4, A, A,, A.^, and A.^ Inilong to one 
group or system ; B, Bj, B^„ and B,, to another ; and (\ C,, C.,, and 
C^, to a third. Each system has its own vanisliing point, towards 
which all the elements of that systc^n apjx^ar to converge. Tliis 
])henomenon is well illustratcMl in the parallel lines of a railroad 
track, or by the liorizontid lines which form the coui-ses of a stone 
wall. 
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13. 'As all lines which belong to the same system appear to 
meet at the vanishing point of their system, it follows that if the 
eye is placed so as to look directly along any line of a system, that 
line ivill be seen endwise^ and appear as a j)oint exactly covering the 
vanishing point of the system to which it belongs. 

If, for illustration, the eye glances directly along one of the 
horizontal lines formed by the courses of a stone wall, this line 
will be seen as a point, and all the other horizontal lines in the 
wall will apparently converge towards the point. In otlier woixis, 
the line along which the eye is looking appears U) cover the van- 
ishing point of the system to which it belongs. Thus, the vanish- 
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ing point of any system of lines must lie on that element of the 
system whicli enters the ol)server's eye, and must be at an infinite 
distance from tlie observer. Therefore, to find the vanisliing 
point of any system of lines, imagine one of its elements to enter 
the observer's eye. This element is called the visual element of 
the system, and may often be a purely imaginary line indicating 
simply the direction in which the vanishing point lies. The van- 
ishing point will always be found on this visual element and at an 
infinite distance from the observer. 

14; To further illustniUi this point, suj)pose an observer to 
be viewing the objtH'ts in s[);ice represcntiMl in Fig. 5. lie desires 
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to find the vanishing point for the system of lines parallel to the 
oblique line ah which forms one edj^e of the roof plane ahal. 
There are two lines in the roof that belong to this system, namely: 
ah and dc If he imamnes an element of the system to enter 
his eye, and looks directly along this element, he will be look- 
ing in a direction exactly j)arallel to the line ah^ and he will 
'be looking directly at the vanishing j)oint of the system (§ 18^. 
This visual element along which he is looking is a purely imaginary 
line parallel to ah and do, AH. lines in the object belonging to 
this system will appear to converge towanls a point situated on 
the line along which he is looking, and at an hitinite distance from 
him. 

This phenomenon is of great importiince, and is the founda- 
tion of most of the oi)emti()ns in making a jxjrspective drawing. 

.15. Tlie word " vanish '* as used in persi)ective always im- 
plies a recession. Thus, a line that vanishes upward, sloj)es \ii>- 
ward as it recedes from the ()l>server; a line that vanishes to the 
light, sh)jH^s to the right as it recedes from the observer. 

1(). It follows from paragrai)bs 1'5 and 1-4 that any system 
of lines that vanishes upward, will have its vanishing point above 
the observer's eye. Similarly, any system vanishing downwaixl, 
will have its vanishing point Inflow the observer's eye ; any sys- 
tem vanishing to the right, will have its vanishing point to the 
right of the observer's eye ; and any system vanishing to the left, 
will have its vanishing point to the left of tlie observer's eye. 
Any system of horizcmtal lines will have its vanishing i)()int on a 
level with the observer's eve, and a svstem of vertical lines will 
have its vanishing point vertically in line with tbe observer's 
eye. 

17. All planes that are parallel to one another are said to 
belong to the same system, each plane being called an element 
of the system. 

All the planes of one system apj^K^ar to approach one another 
as they recede fi-om the eye, and to meet at infinity in a single 
straight line called the vanishing trace of the system. Tbus, 
the up[)er and lower faces of a cube seen in s[)ace, will appear to 
converge toward a straight line at intinity. 

18. If the eye is so phiced as to look directly along one of 
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tlie planes of a system, that plane will be seen edgewise, and will 
appear as a single straight line exaetly covering the vanishing 
trace of the system to which it l)elongs. The plane of any system 
that j)asses through the observer's eye is called the visual plane 
of that svstem. 

19. From § 18, it follows that the vanishing trace of a system 
of planes that vanishes upward, will be found above the level of the 
eye, while the vanishing trace of a system of planes vanishing 
downward, will be found below the level of the eye. The vanish- 
ing trace of a system of vertical planes will be a vertical line ; and 
of a system of horizontal planes, a horizontal line, exactly on a 
level with the observer's eye. 

20. The vanishing trace of the system of horizonttil planes 
is called the horizon. 

The visual plane of the horizontal system is called tlie plane 
of tiie horizon. The plane of the horizon is a most important one 
in the construction of a perspective projection. 

21. From the foregoing discussion the truth of the following 
statements will be evident. They may be called the Five Axioms 
of Pei-spective. 

(a) All tlie lines of one ai/Hteni appear to converge and to 
meet at an infinite distanee from the ohaerver^s ef/e, in a ainfjle 
point called the vanishing point of the system. 

(b^ All the planes of one system appear to converge as they 
recede from the eye^ and to meet at an infinite distance from the 
observer, in a single straight line called the vanishing trace of the 
system, 

(c) Any line lying in a plane hhU have its vanishing point 
somewhere in the vanishing trace of the j^lane in which it lies. 

(d) The vanishing trace of any j>lane must pass through the 
vanishing points of all lines that lie in it, Thus^ since the van- 
ishing trace of a plane is a straight line (^ 18), the vanishing points 
of any two lines lying in a plane will determine the vttnishing trace 
of the system to which the plttne belongs. 

(f) As the intersection of two planes is a line lying in both, 
the vanishing point of this intersection must lie in the vanishing 
traces of both jjlanes, and hence, at the point where the vanishing 
traces of the tivo planes cross. In other words, the vanishing point 
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of the interBcction of two planes must lie at the ifitersection of the 
vanishing traces of the two planes. 

22. The five axioms in the bust iximgraph are the statements 
of purely imaginary conditions which appear to exist, but in 
reality do not. Thus, jmrallel lines apjxjar to converge and to 
meet at a point at infinity, but in reality they are exactly the 
same distance apart throughout their length. Parallel planes 
ap[)ear U) converge as they recede, but this is a purely ap[)arent 
condition, and not a reality ; the real distance between the planes 
does not change. 

23. The i)erspective projection i-epi-esents by real conditions, 
the purely imaginary conditions that appear to exist in space. 
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Thus, the apparent convergence of lines in space is represented 
by a real convei-gence in tlie pei-spective projection. Again, the 
vanishing point of a system of lines is a purely imaginary point 
which does not exist. But this imaginary point is represented in 
perspective projection by a real point on the picture i)lane. 

From § 14, the vanishing point of any system of lines lies 
upon the visual element of that syst<»m. This visual ehMuent 
may Ik* consideitMl to Ik» the visual my which proji»ctvS the vanish- 
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ing point to the observer's e3-e. Hence, from § 7, the intersection of 
fliis visual element with the picture plane will be the perspective 
of the vanishing point of the system to which it belongs. This 
is illustrated in Fig. 6. The object in space is shown on the 
right of the figure. If tlie observer wishes to find the vanishing 
point of the oblique line ab in the object in space, he imagines a 
line parallel to ah to enter his eye, and looks along this line (§ 13). 
Where this line along which he is looking pierces the picture 
plane, will be the i)ei*spective of the vanishing point. Further- 
more, the perspective of the line ab has been found by dmwing 
the visual ra3's from a and h resijeetively, and finding where these 
rays pierce the picture plane (§7). These points are respectively, 
oF and li^\ and the straight line drawn Ijetween a^ and b^ is the 
pei-spective of the line ah. The jx^rspective of the line a^b^ wliieh 
is parallel to ai, lias been found in a similar way, and it will be 
noticed that its perspective projection {a\ h^) actually convei^es 
towards a^*b^ in such a manner that if these two lines are pro- 
duced they will actually meet at the perspective of the vanish- 
ing point of their system. 

Notf:. — It is evident that the perspective of a straight line tviJl 
always be a straight line, the extreme points of ivhich are the perspec- 
tives of the extremities of the given line, 

24. Thus, the five axioms of perspective may be applied 
to Perspective Projection as follows : — 

{(I) Parallel lines do converge and meet at the vanishing 
l)oint of their system. 

(b) Parallel planes do converge and meet at the vanishing 
trace of their system. 

(c) The vanishing point of any line lying in a plane will be 
found in the vanishing tmce of the plane. 

Therefore, the vanishing jyoints of all horizontal lines tcill be 
found in the horizon (§ 20). 

(d) The vanishing trace of any i)lane will be determined by 
the A'anishing points of any two lines that lie in it, and nuist con- 
tiiin the vanishing points of all lines that lie in it. 

(e) The vanishing point of the intersection of two planes will 
l)e found at theintei'sectionsof the vanisliing tnuesof the two ])lanes. 
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To the five axioms of perspective pi-ojection already stated 
may be added the following three truths eoneenniig the construc- 
tion of the i)erspective projection : — 

(/') The perspective of any pohit in space is where the 
visual ray tlirough the point pierces that picture i)lane (§ 7). 

(//) The pei-spective of the vanishing point of any system of 
lines is where the visual element of that system pierces the pic- 
ture plane. 

Rule for finding the perspective of the vanishinc/ point of any 
system of lines : — Draiv an element of the system through the ob- 
server's eye^ and find whaj'e it pierces the picture plane, 

(h) Any point, line, or surface which lies in the picture 
plane will be its own perspective, and show in its true size and 
shape. 

•25. Knowing liow^ to find the ijei'S2)e(;tive of any point, and 
how to find the vanishing point of any system of lines, any prob- 
lem in perspective may be solved. Therefore, it may be said 
that the whole process of making a jjei'spective projection i-educes 
itself to the problem of finding where a line pierces a plane. 

Before proceeding farther, the student should review the 
first twenty-five paragmphs by answering carefully the following 
questions : — 

(1) AVhat does a perspective projection represent? 

(2) What is a visual ray? 

(8) How is a perspective projection formed ? 

(4) How does a perspective projection differ from an ortho 
graphic projection ? 

(5) What is the plane called on which tlie jjerspective pro 
jection is made ? 

(6) What is meant by the term Station Point? 

(7) What is the most important phenomenon of ixjrspective 

(8) What is meant by a system of lines? 

(9) What is meant l)y a system of planes ? 

(10) What is a visual element? 

(11) Define vanishing point. 

(12) Define vanishing trace. 

(13) Describe the posititm of the vanishing point of any sy> 
tern of lines. 
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(14) Give the five axioms of ixirspeetive. 

(15) Do panillel lines in space really converge? 

(16) Do the j)erspective projections of parallel lines really 
convei-ge? 

(17) Where will the perspective projections of parallel lines 
meet ? 

(18) IIow is the perspective of any point found? 

(19) How is the perspective of the vanishing point of any 
svstem of lines found ? 

(20) What will be the perspective of a straight line? 

(21) What is meant by the horizon? 

(22) What is meant by the plane of tJie horizon ? 

THE PLANES OF PROJECTION. 

26. Two planes of projection at right angles to one another, 
one verti(^al and the otlier horizontal, are used in making a per- 
sjiective. In Fig. 7 these two planes are shown in obli([ue i)ro- 




jection. The vertical plane is the picture i)lane (§6 and Fig. 7) 
on which the pei*sj)ective projection is made, and ('orresijonds 
exactly to the vertical plane, or vertical coordinate used in ortho- 
graphic projections. 
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27. The horizontal phiiie, or phiiie of the horizon (§ 20 and 
Fig. 7), alwai/s passes throiujh the assumed position of the observer's 
eyey and eorres|K)uds exactly, to the horizontid plane or horizontal 
coordinate used in orthographic projections. 

28. All jK)iuts, lines, surfaces, or solids in space, tlie per- 
spective projections of which are to be found, are represented by 
their orthographic projections on these two planes, and their per- 
spectives are determined from these projections. 

29. Besides thi3se two principal phmes of projection, a tliird 
plane is used to represent the plane on which the object is su|> 
posed to rest (Fig. 7). This thii-d plane is horizontal, and is 
called the plane of the ground. Its relation to the plane of the 
horizon determines the nature of the perspe<3tive projection. To 
illustrate : The observer's eye must ahvays be in the plane of tlie 
horizon (§ 27), while the object, the perspective of which is to be 
made, is usually supposed to rest upon the plane of the ground. 
In most cases the plane of the ground will also be the plane on 
which the observer is supiK)sed to stand, but this will not always 
be true. The observer may be standing at a much higher level 
than the plane on which the object rests, or he may be standing 
below that plane. It is evident, therefore, that if the plane of 
the ground is chosen far below the plane of the horizon, the 
observer's eye will be far above the object, and the resulting per- 
spective projection will be a " bird's-eye view." If, on the other 
hand, the plane of the ground is chosen above the plane of the 
horizon, the observer's e3'e will Ije below the object, and the re- 
sulting persj)ective projection will show the object as though 
being viewed from l)elow. This has sometimes been called a 
'* worm's-eye view," or a " toad's-eye view." 

Usually the plane of tlie ground is chosen so that the dis- 
tance l)etween it and the plane of tlie horizon is about equal (at 
the scale of the drawing) to the height of a man. This is the posi- 
tion indicated in Fig. 7, and the resulting perspective will show 
the object as though seen by a man sttmding on the plane on 
which the object rests. 

30. The intersection of the ]nctu7*e plane and the plane of the 
horizon corresponds to the ground line used in the study of pro- 
jections, in Mechanical Drawing. For more advanced work, how- 
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ever, there is some objection to this term. Tlie iutei-section of 
the two cooixlinate phuies has really no eoiniection with the 
ground, and if the term " ground line " is used, it is apt to result 
in a confusion between the intei-section of the two cooixlinate 
planes, and tlie intei-section of the auxiliaiy plane of the ground, 
with the picture plane. 

31. The intei'seetion of the two coordinate planes is usually 
lettered VII on the picture plane, and HPP on the plane of the 
horizon. (See P'ig. 7.) That is to say : When the vertical plane 
is being considered, VH represents the intei-section of that plane 
with the plane of the hoiizon. It should also be considered as 
the vertical projection of tlie plane of the horizon. See Mechani- 
cal Drawing Part III, page 5, paragmph in italics. All points, 
lines, or surfaces lying in the plane of the horizon \s\\\ have their 
vertical projection in VII. 

32. On the other hand, when the horizontal plane is being 
considered, HPP represents the intersection of the two planes, 
and also the horizontal projection of the picture plane. All points, 
lines, or surfaces in the picture plane will have their horizontal 
projections in IIPP. Thus, instead of considering the inter- 
section of the two coordinate planes a single line, it should be 
considered the coincidence of two lines, i.e. : First, the vertical 
projection of the plane of the horizon ; second, the horizontal 
projection of the picture plane. 

33. The plane of the ground is always represented by 
its intersection with the picture plane (see VII^ Fig. 7). Its 
only use is to determine the relation between the plftne of 
the horizon and the plane on which the object rests (§ 29). 
The true distance between these two planes is always shown 
by the distance between VH and VII^ as drawn on the picture 
plane. 

34. To find the perspective of a point determined by its 
vertical and liorizontal projections. 

Fig. 8 is an oblique projection sho^ving the two coordinate 
planes at right angles to each other. The assumed position of 
the })lane of the ground is indi^nted by its vertical trace 
(VH.). 
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Note. — The vertical trace of .any i)laiie is tlie intersection of 
that phme with the vertical eoonlinate. I'he horizontal trace of 
any phme is the interset'tion of that i)hine with tlie liorizontiil 
cooitlinate. 

The assumed position of tlie station point is indicated hy its 
two projections, SP^' and SP". Since the station point lies in 
tlie plane of the horizon (§ 27), it is evident that its true 2)osition 
must coincide with SP", and that (§ 31) its vertical projection 
must he found in VH, as indicated in the figure. Let the point a 
represent any point in space. The perspective of the ix)int a will 
l)e at a^, where a visual ray through the point a pierces the pic- 
ture plane (§ 24). We may find a^ in the following manner, l)y 
using the orthographic projections of the point a^, instead of the 
point itself, a^^ represents the horizontal projection, and a^ tc pre- 
sents the vertical projection of the point a, A line drawn from 
the vertical projection of the point a to the vertical projection of 
the stition i)oint, will i-epresent the vertical projection of the visual 
ray^ which passes through the point a. In Fig. 8 this vertical 
projection is I'epresented by the line drawn on the picture plane 
from a^' to SP^'. 

A line drawn from the horizontal projection of a to the hori- 
zontal projection of the station point will represent the horizontal 
projection of the visual rat/y which jmsses through the point a. In 
Fig. 8, this horizontal projection is represented hy the line drawn 
on the plane of the hoiizon from ^" to SP". Thus we have, 
drawn upon the planes of projection, the vertical and horizontal 
projections of the i)oint «, and the vertical and horizontal projec- 
tions of the visual my ptissing between the jwint a and the station 
jx)int. 

35. We must now find the intci'section of the visual my 
with tlie picture plane. This intersection will be a point in the 
picture plane. It is evident that its vertical projection must coin- 
cide with the uiterse(!ti()n itself, and that its horizcmtal projection 
must be in HPP (§ 32). But this intersection must also be on 
the visual ray through the print a, and consequently the horizon- 
tal projection of this intersection must be on the horizontal pro- 
jection of the visual ray. Therefore, the horizontal projection of 
this intersection must be the point 7w", where the line l)etween 
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SP'* and a^ crosses HPP. The vertical projection of this inter- 
section must be vertically in line with this point, and on the line 
dmwn between SP^ and a^, and hence at 771^. Since tlie vertical 
projection of the intersection coincides with the intersection 
itself, a^ (coincident with w^') must be the perepective of the 
point a. 

36. This is the method of findino^ the pei'spective of any 
point, having given the vertical and horizonttil projections of 
the point and of the station point. The method may l>e stated 
briefly as follows : — 

Draw through the horizontal projection of tlie point and the 
horizontal projection of the station point, a line representing the 
horizontal projection of the visual ray, which passes through 
the point. Through the intei-section of , this line with HPP, draw 
a vertical line. The perspective of the point will be found where 
this vertical line crosses the vertical i)r()jecti()n of the visual ray, 
drawn throuijh SP^ and a^\ 

37. It would evidently be inconvenient to work upon two 
planes at right angles to one another, as shown in Fig. 8. To 
avoid this, and to make it possible to work upm a plane sur- 
face, the picture plane (or vertical coordinate) is supposed to 
be revolved about its intersection with the plane of the horizon, 
until the two coincide and form one surface. Tlie direction of 
this revolution is indicated by the arrows s^ and «^. After revo- 
lution, the two coordinate planes will coincide, and the vertical 
and horizontal projections overlap one anotlier, as indicated in 
Fig. 9. 

It will be noticed that the coincidence of the two planes in 
no way interferes with the method given in § 36, of finding the 
perspective (a^) of the point .a, from the vertical and horizontal 
projections of the point. Tlius, tlie horizontal projection of the 
visual ray through the j)oint will be seen, drawn from SP^ to a}^^ 
and intersecting HPP in the [)()int ??i". The vertical projection 
of the visual ray througli the point will be seen passing from 
SP^' to (i^\ And a^ is found upon the vertical projection of the 
visual ray, directly under ni^. 

It will readily be understood tliat in a complicated problem, 
the overlapping of the vertical and horizontal projections might 
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result in some confusion. It is, therefore, usually customary, 
after having revolved the two coordinate planes into the position 
shown in Fig. 9, to slide them apart in a direction perpendicular 
to their line of intersectiony until the two planes occupy a positi<iu 
similar to that shown in Fig. 9a. 

38. It will be remembered from the coui-se on projections 
which the student is supposed to have taken, that horizontal pro- 
ject ions TtiHst always be compared with horizontal^ and never with 
vertical projectiona^ and that in the s.une way, vertical projections 
must always he compared with vertical^ and never with horizontal 
projections. It is evident that in sliding the planes apart, the 
relations between the projections on the vertical plane will not he 
disturbed, nor Avill the relations between the projections on the 
liorizontal plane, and consequently it will make no difference 
how far apart the two coordinate planes are drawn, provided that 
horizontal and vertical projections of the same points are always 
kept in line. Thus, in Fig. 9a, it will be seen tliat in drawing 
the planes apart, a^' has been kept in line with a", m^' Avilh 7w", 
SPV with SP", etc. 

39. It will be observed that in sliding the planes apart, their 
line of intersection has been separated into its two proje(^tions 
(§§ 31 and 32). HPP, being on the plane of the horizon or hori- 
zontal coordinate, is the horizontal projection of the intersection of 
the two planes, Avhile VII, being on the picture plane or vertical 
coordinate, is the vertical projection of the intersection of the two 
planes. In the original position of the planes (Fig. 9) these 
two projections were coincident. Tbe distance between HPP 
and VH always represents the distance through whic^li the planes 
have been slid. This distiince is immat<^rial, and will liave no 
effect on the pei*spective drawing. VII^ represents the verti(ial 
trace of the plane of the ground. 

In this figure, as in the ca,se of Fig. 9, tlie student should 
follow through the construction of tlie iKU"sj)ective of the point ^/, 
applying the method of § 30. 

40. Fig. 10 shows the j^osition of the two coordinate planes 
and of the plane of the ground, as they are usually represented 
on the drawing board in making a pei-spective drawing. It is 
essentially the same thing as Fig. 9a, except that the ^-ittt^* was 
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shown in oblique projection in oitler that its development from 
the original position of tlie planes (Fig. 8) might Ikj followed 
more readily. The two coordinate planes are su[)posed to lie in 
the plane of the paper. 

HI^P represents the horizontid projection of the i)icture 
plane, and VII represents the vertical jirojection of tlie plane of 
tlie liorizon. 

As horizontid projections are never conn^ared with V(»rtical 
projections (§ 38), IIPP may he drawn as far from, or as near, 
VII as desii-ed, without in any 
way -affecting the resulting j)er- 
si)ective drawing. IIPP and VH 
were coincident in Fig. 9, and tlie 
distance between them in Fig. 10 
simply shows the distan(;e that the 
two planes have been slid apart, as 
illustrated in Fig. 9a. As already 
stated, this distiince is inmiaterial, 
and may bo made whatever is most 
convenient, acconling to the nature 
of the problem. 

If HPP shouhl be placed 
nearer the top of the sheet, «" and 
SP", both being horizontal projec- 
tions, would follow it, the relation 
between these horizontal projec- 
tions always being preserved. 

On the other hand, SP^, «^, a^, VII, and VH|, all being pro- 
jections on the vertical plane, must preserve their relation with 
one another, and will in no way l)e affected if the grou[) of 
projections on the horizontal cooixlinate is moved nearer or 
farther away. It must be borne in mind, however, that, in all 
cjuses, the vertical and horizontal projections of corresponding 
jKunts nnmt be kept vertically in line. Thus, a" must always be 
vertically in line with a^\ The vertical distance between these 
two projections does not matter, provided the distance from 
//" to IIPP, or the distance from a^' to VH, is not changed. This 
I)()int cainiot be too strongly emphasized. 
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41. Suppose it is desired to deterniiiie from Fig. 10 how 
far the station point lies in front of tlie picture plane. This is a 
horizontal distance, and tlierefore will be shown by the distance 
Ijetween the horizonttd projection of the station point and the 
horizontal projection of the picture j)lane, or, in other words, by 
the distance between SP*^ and I1IM\ 

42. The point n is a certiiin distance above or beh)W the 
plane of the horizon. This is a vertical distance^ and will l>e 
shown by the distance l>etween the vertical jfrojertion of the point 
a and the vertical projection of the plane of the horizon ; in other 
words, by the distiince between a^' and VH. It will be seen 4hat 
in Fig. 10 the point a lies below the plane of the horizon. 

43. If it be desire<l to find how far in front or behind the 
picture plane the poiut a lies, this is a horizonttd dintance^ and 
will be shown by tju^ distance l)etween the horizontal projection of 
thie picture plane and horizontal projection of the point ri, that is, 
by the distance between HPP and a^. In Fig. 10 the point a 
lies behind the picture ])lane. 

44. The distance between the plane of the ground and the 
plane of the horizon is a vertical distiince, and will be shown by 
the distance between the vertical projection of the plane of the 
horizon and the vertical i)rojection of the plane of the ground ; i.e., 
the distance between VII and VIIi. * The distance l)etween tlie 
observer's eye and the plane of the ground is also a vertical dis- 
tance, and wdll be shown by the distance Ix^tween SP^' and VHi; 
but as SP^ must always be found in VH, the distance of the 
observers eye above the plane of the ground will always be shown 
by the distance between AH and VII,. 

45. To find the pei-siJtM'tive of the point a^ Fig. 10, draw the 
visual I'ay through the point, and find where this visual ray picj'Ces 
the picture plane (§ 24/). The horizontal projection of the 
visual ray is shown by the line R" drawn through the horizontiil 
projection SP^ of the ol)server's eye and the horizontal pro- 
jection d^ of the point a. The vertical projection of the visual 
ray is shown by the line 10 drawn through the vertical projec- 
tion SP^ of the observer's eye and the vertical projection a^' 
of the point a. This visual ray i)icrces the picture plane at 
the point a^ on R^' vertically in liiie with the point where 



86 



PERSPECTIVE DPwVWING. 21 



K" crosses II PP (§§ 35 and 36). a^ is the i)erspective of the 
point a. 

Note. — To find where any line, represented by its horizon- 
tal and vertical projections, pierces the picture plane, is one of 
the most used and most important problems in perspective projec- 
tion. The point where any line pierces the picture plane will 
always he found on the vertical i)rojection of the line, vertically 
above or below the point where the horizontal projection of the 
line crosses HPP (§§ 35 and 36). 

NOTATION. 

46. In order to avoid confusion between the vertical, hori- 
zontiil, and pei-sj)ective projections of the points and lines in tljc 
drawing, it becomes necessary to adopt some systematic method 
of lettering the different points and lines. The following method 
will be found convenient, and has been adopted in these notes. 

If the student will letter each point or line as it is found, in 
accordance with this notation, he will be able to read his drawings 
at a glance, and any desired projection of a point or line may be 
recognized instantly. 

The picture plane (or vertical coordinate) is indicated by 
tlie capital letters PP. 

The plane of the horizon (or horizontid coonliiiatii) is indi- 
cated by the capital letter H. 

A point in space is indicated by a small letter. 

The same small letter with an index \ ", or '', indicates it^ 
vertical^ horizontal^ or jn^rspect ire j^rojertion, res|)e(tively. 

A line in space is indicated by a capital letter, usually one of 
the first letters in the alphabet. 

The same capital letter with an index ^', ", or ^, indicates its 
vertical^ horizontal^ or perspective projection, respective I}'. 

All lines which belong to the same system may be designated 
by the same letter, the different lines l)eing distinguislied by tlie 
subordinate i, ^^ ,, etc., placed after the letter. 

Tlie trace of a plane vpon the picture plane is indicated by a 
cai)ital letter (usually one of the last lettei-s in the alphabet) with 
a capital V placed before it. 
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Tlie same letter preceded by a capital H indicates the trace 
of the plane upon the horizontal coordinate. 

The perspective of the vanishing trace of a system of j)lanes is 
indicated by a capital letter preceded by a ca[)ital T. 

The perspective of the vanishing/ point of a system of lines is 
indicated by a small v with an index corresjxMiding to the lctt<.»r 
of the lines which belong to the system. 

PP = vertical cooixlinate, or picture phmc. 

IIPP= horizontal trace of the vertical coordinate, or picture 
plane. 

H=horizontid coonlinatc, or plane of tlic horizon. 

VH = vertical trace of tlie horizontid coonlinatc, (»r plane of 
the horizon. 

Ill = plane ^^^ ^''^ ground. 

Vlli = vertical trace of the plane of the ground. 

a = point in space. 

</^' = vertical projection of the point. 

r*" = horizontal projection of the point. 

^«^* = perspective projection of the point. 

.\ = line in space. 

A^= vertical projection of the line. 

A** = ]:)ei*spective projection of the line. 

VS = trace of the plane S upon PP (vertical trace). 

US = trace of the plane S upon H (horizontal trace). 

TS= perspective of the vanishing trace of the plane S. (See 
Note 1 l)elow.) 

r^ = perspective of the vanishing point of a system of lines, 
the elements of which are lettered Aj, A2, A3, A4, etc. (See Note 
2 Ixilow.) 

Note 1. — A plane in s}>iice may also be designated by the 
letters of any two lines which lie in it. Thus, the plane AH 
would be a plane determined by the two lines A and H. TAU 
would indicate the pei'sjKH'tive of the vanisiiing trace of the plane. 

NoTK 2, — A strfiight lin(^ maybe designated by the letters 
of any two i)oints which lie in it. Thus, the line ah would be a 
straiirlit line drtcrmine<l bv the two ijoints a and />. r"'* would indi- 
cate the perspective of the vanishing i)oint of the line. It is some- 
times convenient to use this notition in place of the general one. 
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ELEMENTARY PROBLEMS. 

47. PROBLEM L Fig. 11. To find the perspective of a 
point. Tlie point to be situated \" behind the picture plane, and 
y above the plane of the horizon. The observer's eye to be ]/' in 
front of the picture plane. 

First assume HPP and VII (§ 40). Tliese lines may be drawn 
anywhere on the pai)er, IIPP usually being placed some distance 
al)ove VH, in order to avoid confusion l>etween horizontal and 
verti(nd projections. The jKisition of the point with respect to the 
coordinate planes must now be established by means of its verti- 
cal and horizontal projections, ct"' located i" above VH will rej)- 
resent tlie vertical projection of the i)()int. Its liorizontal 
projection must be vertically in line with «^'; und since the point 




Fig. 12 




18 tt) Ihj i behind the picture plane, its horizontid projection must 
be i" behind the horizontal projection of the picture plane, i.e., 
J" behind HPP. Next establish the position of the observer's eye, 
or station jxunt. Its vertical projection (SP^ ) may be assumed 
anywhere in VH. Its horizontal projection (SP") must be veiti- 
cally m line with SP^ and J" in front of HPP. The pei-spective 
of the point a will be where tlie visual ray through the {Kunt 
pierces the picture plane. A line R" drawn through SP" and 
a" will be the horizontol projection of this visual ray. Its verti- 
cal projection Avill l)e the line R^' drawn through SP^' and a^\ 
The pei-spective <i^ of the |H)int will be found on R^' vertically 
in line with the inttn-section of R" and HPP (§ 4;"), noU*). (-om- 
pare with the construction shown in Fig. 10 and Fig 8. 
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•48. Figs. 12, 13, and 14 illustrate this same problem. 

Ill Fig. 12, the point a, as shown by its vertical and horizon- 
tal projections, is situated ^" hehw the plane of the horizon and 
^" behind the picture plane, a^ is tlie pei-spective of the point. 



HF^-' 



Fig. 13 



. HFT 



Fig. 14 





In Fig. 13, tlie point a is |" ahovi'. tlic plane of tlie horizon 
and J" in front of the picture plane, a^ is its perspective. 

In Fig. 14, the point a is ^" below the plane of the horizon 
and ^" in front of the picture plane, a^ is its i)erspective. 

49. PROBLEM 11. Fig. 15. To find the perspective of 
a line, the line being determined by its vertical and horizontal 
projections. 

Let HPP and VII l)e given as indicated in the figure. Let 
A" represent the horizon t-al projection of the line, its two ex- 
tremities being i-epresented hy a^ and ft", respectively. Similarly, 

let A^ be the vertical projec- 
b" tion of the line, a^' and b^ 

being the vertical projections 
of its extremities. Let the 
position of the observer's eye 
))e as indicated by SP^ and 
SP". 

The perspective of the 
point a has l)een found by 
Prohlem I. at a^\ The per- 
spective of the point b has been found by Problem I. at b^\ The 
Hue (A^), joining ay and b^\ will be the perspective of the given 
line. (See note under § 23.) 
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50. PROBLEM III, Fig. 16. Having given the vertical 
and horizontal projection of any line, to find the persi>ective of 
its vanishing point. 

Let the line be given by its vjrtical and horizontal projections 
(A^ and A^), as indicated in the fignre. SP^ and SP" represent 
the position of the observer's eye. To find the perspective of the 
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vanishing point of any line, draw through the observer's eye an 
element of the system to which the line belongs, and find where this 
element pierces the picture plane (§ 24 //). Through SP^ draw 
Ai^ parallel to AH, and through SP^ draw A]^ parallel to A\ 
Ay^ and A^ represent the two projections of a line passing through 
the ol)server's eye and parallel to A^A^. 
This line pierces the picture plane at ?;\ 
giving the perspective of the required vanish- 
ing point (§ 45, note). Tlie pM'spectives of 
all lines parallel to A^'A" will meet at v*". 

Figs. 17 and 18 illustrate this same 
problem. ^x 

51. In Fig. 17, the line, as shown by its 
two projections, is a horizontal one ; hence, 
Aj drawn through SP^ coincides with VFI, 
and the vanishing point for the system of tlie lines must be found 
on VH at v^, as indicated (§ 24 c). 

Note. — Systems of lines which vanish upward will have 
their vanishing points above VII. Systems of lines which vanish 
downward will have their vanishing points below VH (§ 16). 
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62. In Fig. 18, the given line is perpendicular to the pictiu-e 
plane ; hence, A^^ must be a point coincident with SP^ ; and as 
?/ will always be found on A^^', the vanishing point of the line 
must coincide with SP\ 

Note. — In a pei'S{)ective drawing, the vanishing point for 
a system of lines peri)endicular to the picture plane will always 
coincide witli the vertical i)rojection of the observer's eye. 



METHOD OF THE REVOLVED PLAN. 

63. PR()P>LEM IV. 1% 19. To find the perspective of 
a rectangular block resting^ upon a horizontal plane V below the 
level of the eye, and turned so that the long side of the block 
makes an angle of 3o*^ with the picture plane. 

The block is shown in phin and elevation at tlie left of the 
figure. Tlie first step will be to make an auxiliary horizontal pro- 
jection of the block on the plane of the horizon, showing the exact 
position of the block as it is to be seen in the j)erspective projec- 
tion. This auxiliary horizontal projection is rciUly a ' revolved 
plan of the object, and is called a Diagram. It is the general 
rule, in making a perspective projection, to place the object behind 
the picture plane witli one of its principal vertical lines lying in 
the picture plane (24 A). II PP is usually drawn near the upj)er 
edge of tlie paper, leaving just room enough behind to place the 
auxiliary phin or diagram. In the figure the diagram is shown 
in the required position, i.e., witli one of its long sides (dhfc) 
making an angle of 30^ with the picture plane. The vertical edge 
[ne) of the block is supposed to lie in the picture plane. VH 
may now be drawn jTtnallel to IIPP at any convenient distance 
from it, as indicated. VH,, the vertical trace of the plane on 
which the block is supposed to vest, sliould be assumed in accord- 
ance with the given data, i.e., 1" below VII (§ 44). 

The position of the observer's eye should next be estal)lished. 
SP" is its horizontal projection, and shows b}' its distance from 
IIPP the distance in front of the picture pkne at which the ob- 
server is supposed to stand. SP^' is its vertical projection, and must 
always be found in VII. In this problem the station point is 1 J" 
in front of the picture plane. 
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Note. — As a general "rule, it is Avell to assiiiue the sUition 
point on a vertical line half way between two lines clro])pe(l from 
the extreme edges of the diagram, as indicated. This is not 
necessary, but, as will be explained later^ it usually insures a 
more pleasing ^)erspective projection. 

Next find the vanishing j)oints for the different systems of 
lines in the object (§ 12^. There are three systems of lines in the 
block, formed by its three sets of parallel edges. 

1st. ^V system formed ])y the four horizontal edges vanishing 
to the right : ab^ ef, dc, and /r//. 

2d. A system formed by the four horizontal edges vanishing 
towards the left: tidf ekj hc^ and///. 

3d. A system formed by the four vertical edges. 

First find the vanishing point for the system parallel to ab 
by dmwing through the station point a line ])amllel to ab and 
finding where it "pierces the picture plane (24 //). • A" drawn i 
through SP'^ is the hori/ont:d projection of such a line. Its ver- 
tical projection (A^'}, drawn through SP^', will coincide with A^II, 
and its vanishing point will be found on VH at t'*'^ (§ 51). All 
lines in the perspective of the obje(;t that are parallel to ab will 
meet at v*^ (§ 24 a). In a similar manner find r***, which will 
be the vanishing point for all lines jmrallel to ad, 

54. If the method for finding any vanishing point is applied 
to the system of vertical lines, it will be found that this vanishing 
ix)int will lie vertically over SP^' at infinity. That is to say, 
since all vertical lines are parallel to the picture plane, if a ver- 
tical line is drawn through the station point, it will neA^er pierce 
the picture plane. Therefore (24 ^), the persj^ective of the van- 
ishing i)oint of a vertical line cannot l)e found within any finite 
limits, but will l)e vertivaUy over SP^\ and at an infinite diatance 
from it. In a pcrsix^.ctive [)rojection all vertical linen are draivn 
actually vertical^ and not converi/ing tofvardn one another. 

Note. — This is true of all lines in an object which are 
j)arallel to the picture plane. Thus, the perspective of any line 
which is parallel to the picture plane, will actually be parallel to the 
line itself ; and the perspectives of the elements of a system of lines 
parallel t(t the picture plane, will he drawn parallel to, and not con- 
very iny towards J one another. That this must be so, is evident, 
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since, if tlie perspectives of such a system of lines did converge 
towards one another, they woiikl meet within finite. Hmits. Jiut 
it has just heen found that the pei-spective (»f the vanishing jx)int 
of such a system is at intinity. The pei-si)tH;tives of the elejnents 
of any system i^an meet only at the pei-sjiective of their vanish- 
ing point, and must, therefore, in a system parallel to the picture 
plane, Ik» drawn })arallel to one another. 

The directions of the pei*spectives of all lines in the object 
have now heen determined, and will be as follows: 

All lines parallel to ab will meet at v*^^\ 
All lines parallel to ad will meet at v**'. 
All verti(^al lines will l)e drawn vertical. 

Since tln^ point e is in the base of the object, it lies on tlie 
plane of the groun<l, and also, since the line ae lies in the picture 
2)lane, the point e must lie on the intersection of tlie plane of the 
ground with the picture plane. Therefore, the point e must lie 
in VII,, and must be vertically under the point e in the diagram. 
Since the point e lies in the picture plane, it will be its own per- 
si)ective ; and e^* will Ije found on VH,, vertically under e in the 
diagram, as shown in the figure. • From e^ the i)ei*si)ective of the 
lower edges of the cube will vanish at v*^ and v***, resixH'tively, 
as indicated. 

/'* is the jK»rs|KM'tive of the point/, and will 1x3 found on the 
lower edge, of the block, vertically under the intei-section of HPP 
with the horizontal projection of the visual ray drawn througli the 
hoint/in the diagram. 

Similarly, /:'* is found on the lower edge of the block, verti- 
cally under the intei-section of HPP and the visual ray dmwn 
through the jxrint k in the diagram. 

Vertical lines drawn through /^, e^, and k^, w^ill represtMit the 
perspectives of the visible vertical edges of the block. 

The edge e^'a^ being in the picture plane will be its own |)er- 
spective, and show in its true size (§ 24 A). Therefore, a^* may be 
esUiblishe<l by making the distance e^\i^* equal to e^'a^' tus taken 
from the given elevation. From a^' two of tlie upper horizontal 
edges of tlie block will vanish at v'*^ and v*^*^ respectively, estal)- 
lishing the points h^ and d^, by their intei-sections with the vertical 
edges drawn through k^* and/*', resjK^ctively. Lines drawn through 
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d*' liud l}^\ and vanishing respectively at r**^ and /'•"*, will inlei-seet 
at c^\ and complete tlie pel's 2>^'^'tive of tlie block. 

Before going farther in the notes, the student should solve 
the problems on Plate I. 

LINES OF MEASURES. 

•^5. Any line which lies in the jncture plane \vill he its own 
perspective, and show the true length of the line (24 //). Such 
a line is called a Line of Measures. 

In the last problem, the line ae, being in the picture plane, 
was a line of measures ; that is to say, its length could be laid off 
directly from the given datii, and from this length the lengths of 
tlie remaining lines in the pei-sjx^ctive drawing could be estiiblished. 
Fig. 20 shows a similar problem. The line ae lies in the picture 
plane, and a^e^ is, thei-efore, a line of mctasures for the ()l)ject. 

56. Besides this principal line of measures, other lines of 
measures may easily be established by extending any vertical plane 
iu the object until it intersects the picture plane. This intersec- 
tion, since it lies in the picture jJane, will show in its true size, 
and will be an auxiliary line of measures. All points in it will 
show at their true height above the plane of tlie ground. Thus, 
in Fig. 20, a^e^' is the principal line of measures, and shows the 
true height of the block. If the rear vertical faces of the block 
are extended till they intei*sect the picture plane, these intersec- 
tions (m^n^^ and o^p^^ will be auxiliary lines of measures, and will 
also show the true height of the block. It will be noticed in the 
figure tliat m^n^ and o^p^ ai*e each equal to a^'e^\ Either one of 
these lines could have been used to determine the vertical height 
of the j)ersjXH;tive of the block. For illustration, suppose it is de- 
sired to find the lieight of the pei*spective, using the line o^'p^* as 
the line of measures. Assume the vanishing points (r"'^ and r*^'*) 
for the two svstems of horizon Ud edcres in the block to liave been 
established as in the previous case. Now extend the line ho (in 
the diagram), which represents the horizontjil projection of the 
face elf, till it intei-sects IIPP. From this intersection drop a 
vertical line op> w'hich will represent the intersection of tbe vertical 
face chf with the picture j)lane, and will be a line of measures for 
the face, p^j where this line of measures intei-sects V Hi, will be the 
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point where tlu^ lower horizoiitiil edge (pro/Jiu*e<l) of the faee cbf 
inlerseets the pirtiire phiiie. Measure off the distance y^^'c/** e([Ual 
to tlie true lieight of the hk)ck, as given by the elevation. 'J'wo 
lines drawn through u^' and p^* res2)ectively, and Aanishing at r"'', 
will 3-epresent the i)ei-s2)eetives of tlie upper and lower edges of the 
face chf^ ])r()diieed. The j)erspective (A'*), of the point '), will l)e 
t'ound on the j)ei*spective of the upper edge of the face dtj\ verti- 
cally Ix^low the intersection of HPP with the horizontal projection 
of a \isual ray drawn through the point h in the diagram. A ve?'- 
ticjil line through h^' will intersect the lower horizonUd edge of the 
face i^'f in the ixiint./'**. Lines drawn res|)ectivcly througli 1^* and 
/*', vanishing at r*'', will establish the perspectives of the upper 
and lower horizon tid edges of the face ahf*' The jKjints a^ and 
('^ will be found vertically inider the points a and e in the diagmni. 
The remainder of the i)ei*si)ective projection may now easily l)e 
determined. 

57. The i)ersi)ectives of any points on the faces of the block 
may l)e found by means of the diagram and one of the lines of 
measures. 

Let the points /y^', 7/^, k^\ and /^', in the given elevation, de- 
termine a square on the face ahfe of the block. Let the points 
//, /f, A*, and /, rej)resent the i)osition of the square in the diagram. 
Extend the uj)i)er and lower horizontal edges of the S(piare, as 
shown in elevaticm, initil they intersect the vertical edge a^'e^^ 
in the }K)ints f^' and ?"^'. To determine the perspective of tlie 
square, lay off on r/^V**, wliich is a line of measures for the face 
<thf\\ the divisions t^ and r^ tiiken directlv from tlie elevation. 
Two lines drawn through f'' and r*' resi)ectivcly, vanishing at v^^\ 
will represent the 2>erspectives of the upjK'r and lower edges Cpro- 
duced) of the square. //' will be found on the jjci-spective of tlie 
upper edge, vertically under the intersection of MPP with the 
horizontal projection of a visual my dniwn through the p)int // in 
the diasrram. 'I'he position of k^* mav be established in 21 similar 
manner. Vertical lines drawn through //^* and /-'* resjKU'tively, 
will completer the perspective of the scpiare. 

58. The auxiliary line of measures u^^jP"' might have l)een 
used instead of a^^e^. In this case, <>**/>** should Ih* divided by the 
points <r'* and y^\ in the same way that ue^ in elevation, is divided 
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by the points t and v. Through w** and y^, draw horizontal lines 
lying in the plane chf\ for which d^p^ is a line of measures. These 
lines mil vanish at v^^^ and intersect the vertical edge h^f^ of the 
block. From these intersections di-aw horizontal lines lying in 
the plane ahef^ vanishing at v"^ and representing the upper and 
lower edges of the square. The remainder of the square may be 
determined as in the pi-evious case. 

In a similar manner, the auxiliarv line of measures m^n^ 
might have been used to determine the upper and lower edges of 




tlie s(iuare. This construction has Ijccn indicated, and the student 
should follow it through. 

69. It sometimes luippens that no line in the object lies in 
the picture plane. In such a case there is no principal line of 
measures, and some vertical plane in the ol)ject must be extended 
until it intersects the picture plane, forming by this intei-section 
an auxiliary line of measui-es. Fig. 21 illustrates such a case. A 
rectangular block, similar to those shown in Figs. 19 and 20^ is 
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situated some distance behind the picture j)hine, as indicated by 
tlie relative p)sitions of HPP and the diagram. 

Its perspective projection will evidently be smaller than if 
the vertical edge ae were in the picture plane, as was the case in 
Figs. 19 and 20, and the jjersjjectivc of ae will evidently be 
shorter tlian the true length of ae. There is, therefore, no line in 
the object that can be used for a line ()f measures. It becomes 
necessary to extend one of the vertical faces of the block until it 
intersects the picture plane, and shows by the intersection its 
true vertical height. Thus, the plane ahfe has been extended, as 
indicated in the diagram, until it intersects the picture plane in 
the line mn. This intersection is an auxiliaiy line of measures 
for the plane ab/e, and m^7i^ shows the true vertical height of this 
plane. 

Either of the other vertical faces of the block, as well as the 
face abfe, might have been extended until it interaected the 
picture plane, and formed by this intersection a line of measures 
^or the block. 

The vanishing points for the various systems of lines have 
been found as in the previous cases. 

From m^ and n^\ the horizont^d edges of the face abfe vanish 
to v*^ a^ will be found on the up[)er edge of this face, vertically 
below the intersection of HPP with the horizontal projection of 
the visual ray througli the point a in the diagram. A vertical 
line through a^ will represent the i)erspective of the nearest verti- 
cal edge of the block, and will establish the position of e^\ 

In a similar manner, />'* will be found verticallv below tlie 
intersection of HPP witli the horizontid projection of the visual 
ray through the point b in the diagram. A vertical line through 
b^ will establish/^', and complete the jjei-spective of the i'dce abfe. 
Having found the perspective of tliis face, the remainder of the 
block may be determined as in the previous problems. 

Note. — Instead of being some distance behind the picture 
plane, the block might have been wholly or partly in front of the 
picture plane. In any case, find the intersection with the picture 
plane of some vertical face of the block (produced, if necessary). 
This intersection will show the true vertical height of the block. 

At this point the student should solve Plate II. 
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60. PROBLEM V. Fig. 22. To find the perspective of a 
liouse, the projections of which are given. 

The plan, front, and side elevations of the liouse are shown 
in the figure. The side elevation corresponds to the projection 
on the profile plan, used in the study of i>rojections. This prob- 
lem is a fui-ther illustration of the method of revolved plan and 
of the use of horizontal vanishing points and auxiliary: lines of 
measures. It is very similar to the three previous problems on 
the rectiingular blocks. 

The first step in the construction of the persi)ective projec- 
tion is to make a diagram (§ r)8) which shall show the horizontal 
projections t)f all the features that are to appear in the drawing. 
The diagram should be placed at the top of the sheet, and tunied 
so that the sides of the house make the desired angles with the 
picture plane. In Fig. 22 the diagram is shown with the long 
side making an angle of 30° with the picture plane. The roof 
lines, the chimney, and the positions of all windows, doors, etc., 
that are to be visible in the jyerspective projection, will be seen 
marked on the diagram. 

The nearest vertical edge of the house is to lie in the pictui-e 
plane. This is. indicated by drawing IIPP through the corner of 
the diagram which represents this nearest edge. 

VII may be chosen at any convenient distance below HPP. 

The position of the station point is shown in the figure by 
its tw^o projections SP^' and SP". SP^' must always be in VH. 
The distance l3etween SP" and HPP shows the distance of the 
observer's eye in front of the jjictui-e plane C§ 43). 

r**'^ and ?'*'^ may be found as in the preceding problems. 

The position of the plane on which the object is to i-est 
should next be established by drawing VH,, the distance l)etween 
VH and VHi showing the height of the observer's eye above the 
ground (§ 44). 

In adelition to the plane of the ground represented by VH,» 
a second ground plane, represented by VH.,, has been chosen some 
distance below Vll^. In the figure, two perspective projections 
have been found, one resting on each of these two ground planes. 
The persijective which rests upon the plane represented by VHj 
shows the house as though seen by a man standing with his eyes 
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nearly on a level with the toi* of the windows (§ 29). The view 
which rests on the plane represented by VH.^ shows a bird's-eye 
view of the house, in which the eye of the observer (always in 
VH) is at a distance above the plane on which the view rests, 
ecjual to about two and one-half times the height of the ridge of 
the house above the ground. 

Thesi two j)ersj)ective projections illustrate the effect of 
changing the distance between VII and the vertical trace (§ 34, 
note) of the plane on which the perspective projection is supposed 
to rest. The construction of both views is exactly the same. 
The following explanation applies to lK)th equally well, and the 
student may consider either in studying tlie problem. 

61. We will fii-st neglect the roof of the house, and of the 
porch. The remaining iK)rtion of the house will be seen to con- 
sist of two rectangular blocks, one i-e presenting the main bcnly of 
the house, and the other representing the ix)rch. 

The block representing the main part of the house occupies 
a jx)8iti()n exactly similar to that of the block shown in Fig. 10. 
First consider this block irrespective of the remainder of the 
house. A vertical line dropped from the corner of the diagram 
that lies in HPP will be a measure line for the block, and will 
establish, by its intersection with VH^ (or VH^), the position of 
the j)()int e^\ in exactly the same way that the point e^ in Fig. 19 
was established. e^*a^ shows the true height of the part of the 
house luider consideration, and should be made e(pial to the cor- 
responding height a^e^\ as shown by the elevations. The rec- 
tangular block rejn'csenting the main jMirt of the house may now 
be drawn exactly as was the block in Fig. 19, Problem IV. 

1)2. Having found the j)ei*spective of the main part of the 
house, the 2K)rch (witliout its roof) may be considered tis a second 
rectiiugular block, no vertical edge of which lies in the picture 
plane. It may l)e treated in a manner exactly similar to that of 
the block shown in Fig. 21, § 59. W^e may consider that the rear 
vertical face of the block, which forms the iK)rch of the house 
(>/, y), has been extended until it intersects the picture plane in 
the line ar, giving a line of measures for this face, just as in 
Fig. 21 the m'tircaf vertical face of the block was exteiide<l until 
it intersected the picture plane in the line of measures mn. 
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On e^a^, make e^*c^ equiil to the true height of the vertical 
wall of the porch, as given by the elevation. A line through r***, 
vanishing at r*^, will be the j^rspec^tive of the upjxjr horizontal 
edge of the i-ear face of the block which forms the poi-ch. The 
line through e^y vanishing at i'"'*, which forms the lower edge of 
tlie front face of the main body of the house, also forms the lower 
edge of the rear face of the iKUch. Through the point A in the 
diagram, draw a visual ray, and througli the intei-section of this 
visual ray with II PP drop a vertical line. Where this vertit^al 
line crosses the u[)[)er and lower horizontid edges of the i*ear face 
of the porch, will establish the points (/^' and h^ respectively. 
Having found tlie vertical edge //'*A'*, the remainder of* the per- 
sjxjctive of the porcli (except the roof) can be found without 
ditticulty, the horizontal edges of the porch vanishing at either 
^ab Qj. ^ad^ accordiug to the system to which they l)elong. Each 
vertical edge of the j)orch will be vertically below the point whei-e 
HPP is crossed by a visual ray drawn through the point in the 
diagram which represents that edge. The fact that the porch 
projects, in pirt, in front of the picture plane, as indicated by the 
relation between the i)ositions of the diagram and IIPP, makes 
absolutely no difference in the construction of the ixji*sj)ective 
projection. 

All of the vertical construction lines have not l)e(Mi shown in 
the figure, as this would have made the drawing too confusing. 
The student shcmld l)e sure that he undersUmds how every i)()int 
in the pei^spective projection has been obtained, and, if necessary, 
should comi)lete the vertical construction lines Avith pencil. 

03. Having found the persiHictive of the vertical walls of 
the main body of the house, and of tlie porch, tlie next step will 
be to consider the roof of the main {)art of the house. 

Imagine the liorizontaT line tiv, which forms the ridge of the 
roof, to be extended until it intersects the picture plane. This 
is shown on the diagram l)y the extension of the line tw until it 
intersects HPP. From this intersection drop a vertical line, as 
indicated in the fisfure. This vertical line may be considered to 
be the line of measures for an iiiiaginarv vertical j)lane ])assing 
through the ridge of the house, as indicated l>y the dotted lines 
in the plan and elevations of the house. On this line of meas- 
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ures* lay off the distance mn measured from VH, (or VHj), equal 
to the true height of the lidge above the ground aa given by the 
elevations of tlie liouse. A line drawn from the j)oint 7?«, vanish- 
ing at if^\ will represent the ridge of the house, indefinitely ex- 
tended. From the points t and ?/' in the diiigmni draw visual 
rays. From the inttMsec-tions of these visual ravs with HPP 
drop vertical lines which will establish the positions of t^ and tv^ 
on the i)ers[K*ctive of the ri<lg(^ of the roof. Lines drawn from 
i}* and ?/•'' to the cornel's of the vertical walls of the house, as in- 
dicattnl, will complete the persj)ective of the roof. 

To find the i)ei'spective of the jiorch roof, draw a visual my 
thnuigh the i»oint ;// on the diagram, and from its intersection 
with HPP drop a vertictal. When^ this vertical crosses the line 
a^hy will give y^\ one i)oint in the ix^rsj)ective of the ridge of 
the jK)rch. The pei-spective of the ridge will be represented by 
a line through //'*, vanishing at r"*^ llie point z^ in the ridge 
will be vertically below the intersection of HPP with the visual 
ray drawn through the i)oint z on tht*, diagram. Lines drawn 
from //* and z^* to the corners of the vertical walls of the porch, 
as indicated, will complete the j)ersi)ective of the ^KU'ch roof. 

64. The pei-spective of the chinmey must now be found. 
It will be seen that the chimney is fonned by a rectangular block ; 
and if it is supposed to extend down through the house, and rest 
U|)on the ground, it will be a block under exactly the same con- 
ditions as the one shown in Fig. 21, § 59. In oixler to find its 
2)ei*s[)ective, extend its front vertical face, as indicated ■ on the 
diagram, till it intersects 11 PP. A vertical line dropped fmm 
this intersection will l)e a line of measures for the front face of 
the chimney, and the distiuice ^.v, laid off on this line fronj VHj 
(or VII.,), will show the true height of the toj) of the chimney above 
the ground, as given on the elevation. The distiince 8o, measured 
from the i)oint s on the line of measures, will be the true vertical 
height of the face of the chinmey that is visible above the roof. 
Lines through ^ and f^ vanisliing at r"'\ will represent the hori- 
zontal edijes of the front visible face of the chinmey. The vertical 
edges of this face will be found vertically below the points where 
HPP is crossed by the visual rays drawii through the horizontal 
projections of these edges on the diagram. 



116 



PERSPECTIVE DRAWING. 37 



Having deterniined the peispective of the front face of the 
chimney, the pei'spectives of the remaining edges may be found as 
in the cases of the recitaiiyfuhir blocks already discussed^ F'rom 
the point r in the diagram, where the ridge of the roof intersects 
the left hand vertical face of the chimney, draw a visual ray 
interaecting HPP, and from this intersection drop a vertical line 
to the pei'si^ective of the ridge of the house, giving the perspec- 
tive (r^) of the point where the ridge intersects the left hand 
face of the chinniey. A line diiiwn from r^' to the neai^est lower 
corner of the front face of the chinniey will be the j)ei*si)ective of 
the intersection of the plane of the roof with the left hand face 
of tlie chimney. 

65. The problem of iinding the pei'spectives of tlie windows 
and door is exactly similar to that of finding the jjerspective of 
the square hgkl on the surface of the block shown in Fig. 20. 

It will be noticed that the intei-section with the picture plane 
of the left hand vertical face of the porch gives a line of meas- 
ures (§55 and § 59, note) for this face. This line may be used 
conveniently in estaWishing the height of the window in the 
porch. 

At this point in the course the student should solve Plate ill. 



VANISHING POINTS OF OBLIQUE LINES. 

66. The perspective of the house in the last ijroblem was 
completely drawn, using only the vanishing points for the two 
principal systems of horizontal lines. By this method it is pos- 
sible to find the pei-s|3ective projection of any object. Hut it is 
often advisable, for the sake of greater accuracy, to determine the 
vanishing points for systems of oblique lines in the ol)ject, in addi- 
tion to the vanishing points for the horizontal systems. 

Take, for example, the lines i/'if and .r^V in Fig. 22. The 
perspective projections of these two lines were obtained by first 
finding tlie points //^\ ij^\ .v^\ and z^\ and then connecting//^ with y^, 
and 2^ with 2^. As the distances between y and ^, and x and e, 
are very short, a slight inaccuracy in determining the positions of 
their perspectives might result in a very appreciable inaccuracy in 
the directions of the two lines y^y^ and i^^ , These two lines 
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))eloiig U) the same system, and should approach one another as 
they i-ecede. Unless the points which determine them are found 
witli great care, the two lines may approach too rapidly, or even 
diverge, as they recede from the eye. In the latter case, the 
drawing would })e absolutely wrong in principle, and the result 
would he very disagreeable to the trained eye. If, liowever, tlie 
perspective of the vanishing point of the system to which these 
tw^o lines behmg, can l)c found, and the two lines be drawn 
to meet at this vanishing point, the result will necessarily lie 
accurate. 

The line through r^', which fonhs the intersec^tion between the 
roof of the h(»use and the li»ft hand face of the chinniey, is a still 
more dif!i(;ult one to determine accurately. Its length is so short 
that it is almost imj)ossible to establish its exact direction from 
tlie [)ers|)ective i)rojcctions of its (extremities. If the pei'spective 
of its viwiishing point can be found, however, its direction at once 
becomes dcHnitelv determined. 

G7. It is not a dinicult matter toiind the pei'spective of the 
vanisHing point for each system of lines in an object. The method 
is illustrated in Fig. 28. The general method for finding the 
j)erspective of the vanishing point for any system of lines has 
already been stated in § -4//, tuid illustrated in Figs. 16, 17, and 
18, i^j^ '^O, ol, and o'J. It remains only to adapt the general 
method to a j)articular problem, such as that show^n in Fig. 28. 

Tlit^ plan and elevation of a house are given at the left of 
the liguic. 'I'he diagnim has been drawn at the top of the sheets 
turned at the desired angle. The assumed position of the station 
J joint is indicated by its two projtH*tions, SP^' and SP". VII 
necessarily passes through SP^'. 

()S. In order to find the persjKU'tive of the vanishing iK)int 
of any system of lines, the vertical and horizontal projections of 
some element of the system must be known ("see method of Prol)- 
lem III.). The diagram gives tlie horizontal projection of every 
line in the obje(;t wliicOi is to appear in the })erspective jjrojection. 
The diagram, howevri", has been turned througli a certain hori- 
zoiitjd angle in order to sliow tlic desired ptM'spective view, and 
there is no i-evolvcd elevation to agree with the; revolved position 
of the diagram. A revolved eh^ vat ion could, of course, be con- 
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structecl by revolving the given plan of the object until all its 
lines Avere pamllel to the corresix)nding lines in the diagi>ini, and 
then finding the revolved elevation of the object corresponding to 
the revolved position of the plan. 

Note. — The method of constructing a revolved elevation 
has been explained in detail in the Instruction Paper on Mechan- 
ical Drawing, Part III., Page 12. 

Having constructed the revolved plan and elevation of the 
object to agree with tlie position of the diagram, we should then 
have the vertical and horizontal projections of a line parallel to 
each line that is to aj>pear in the perspective drawing, and the 
metluKl of Problem III. could be applied directly. 

This is exactly the process that will be followed in finding 
the vanishing points for the ol>lique lines in the object, except 
that instead of making a complete i-evolved plan and elevation 
of the house, each system of lines will l)e considered bv itself, 
and the revolved plan and elevation of each line will be found 
as it is needed, without regard to the remaining lines in the 
object. 

09. All the lines in the house ])elong to one of eleven 
different systems that may l)e descril)ed as foUows : — 

A vertical system, to which all the vertical lines in tiio house 
belong. The i)ei*s2)ective of the vanishing point of this 
system cannot be found within finite limits (§ 54). 

Two liorizontal systems parallel respectively to ah and ad 
(see diagram). The i)erspectives of the vanishing j)oints 
of th»\se systems will be found in A"H (§ 24 r, note). 

Five systems of lines vanishing upward, i)ai*Jillel respectively to 
afy hy^ 7/1 H, on, and hk (see diagram). The ix^rspec^tives of 
the vanislnng i)oints of these systems will be found to lie 
above Vll (§ 51, note). 
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Tliive systems of lines vaiiisliinj^ dciwinvanl, parallel resjx'C- 
tively to /J, f/c, and kl (see diagram). The jjei-spectives 
of the vanishing jx)ints of these systems will be found Ihj- 
low YII (§ 51, note). 



NOTE. — To determine whether a line vanishes upward or 
downward, proceed as follows : — 



Examine the direction of the line Jis shown in the c7/a- 
yram. Determine which end of the line is the farther l)ehind 
the picture plane. . If the more distant end of the line is ahove 
the nearer end, the line vanishes vptranJ, and the pei'si)ective 
of its vanishing |K)int will he found above VI I. 

If, on the other hand, the more distant end of the line 
is huvcr than the nearer end, the line vanishes dowmvardy and 
the j)ei*si)ective of its vanishing point will l>e found Inflow 

VII. 

For illustration, consider the line hfj. The diagram shows 
the point ij to be farther In^hind the picture plane than the iM»int 
//, while the given elevation shows the point// to 1h^ higher than 
the i)oint h. Therefore the line rm* as it rereden^ or, in other 
wonls, it vaiiinheH ?/////v/rfZ. 

In the case of the line /</, the diagram shows the jx^int d to 
l)e farther behind the ])icture plane than the point /, while the 
elevaticm shows the point d to be lower than the jH)int /. Thei-e- 
fore the line must vanish downward, and its vanishing j)oint be 
found be'ow VII. 

If 'vue horizontal projection of a line, as shown by the diiv- 
gram, is parallel to IIPP, the line itself is parallel to the pictui-e 
plane, and the pei"si:)ective of its vanishing point cannot be found 
within finite limits (§o-l:, note). The jjersjjective projections of such a 
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syatem of lines trill tthow the true anijle ivhich the elements of the 
system make ivith the horizontal eoordinate. 

70. The construction for the vanishing points in Fig. 23 is 
shown by dot and dash lines. 

The vanishing points for the two systems of horizontal lines 
have been found at- 1'"^* and y**^ respectively, as in the preceding 
problems. 

Next consider the line af. The first step is to construct a 
levolved plan and elevation of this line to agree with the position 
of the diagmm. Revolve the horizonUd projection («"/^*) of the 
line in the given plan about the point/", until it is parallel to the 
line af in the diagram. During tliis revolution, the point /*' 
remains stivtionary, wliile the point a" descril)es a horizontid arc, 
until a^f^ has revolved into the position shown by the red line 
dj"/", which is parallel to the line afm the diagram. The vertical 
projection a\f^ nnist, of coin-se, revolve wdth the horizontal projec- 
tion. The point /^ i-emains stationary, while the horizontal arc 
descrilied l)y the point a shows in vertical projection as a horizon- 
tal line. At every |)oint of the revolution the vertical projection 
of the point a must be vertically in line with its horizontal pro- 
jeetion. When a^^ has reached the ])osition ^/ ", a^' will be vertically 
above (f^ at the point a^^ and a^f^ will be the revolved elevation 
of the line. 

We now have the vertical and horizontal j)rojectiohs (ci^f^ 
and (f\f^) of an element of the system to which the roof line, rep- 
resented in the diagram by af belongs. The vanishing ix)int of this 
system may be determined as in Problem III. Draw through 
SP" a line parallel to a^^\P^ (or af in the diagram), representing 
the lun-izontal projection of the visual element of the system. 
Draw through ISP^ a line pandlel to a^\P\ representing the verti- 
cal projection of the visual element of the system. The visual 
element, represented by the two projections just drawn, pierces 
the picture plane at v""^ (§ 45, note), giving tlie pei"si)ective of 
the vanishing point for the roof line, repi-eseuted by af in the 
diagram. 

In a similar manner the vanishing point for the roof line, 
represented in the diagram by ft//, may ))e determined. First find, 
from the given plan and elevation of the object, a revohed plan 
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and elevation of hg^ to agree with the position of the line in the 
diagram. Revolve h^g^ in the given plan about the point g^^ 
until it is parallel to bg in the diagram, and occupies the position 
indicated by the line A "r/". The corresponding revolved elevation 
is represented by the red line h^if. 

b^g^ and b^g^ now represent respectively the horizontal 
and vertical projections of an element of the system to which the 
roof line, represented by bg in the diagram, belongs. The vanish- 
ing point of this system can be found by Problem III. Through 
SP" draw a line parallel to b^^^g^^ (or bg in the diagram), repre- 
senting the horizontal projection of the visual element of the sys- 
tem; and Uirough SP^ draw a line parallel to.Jj^^^, representing 
the vertical projection of their visual element. The visual ele- 
ment, represented by these two projections, pierces the picture 
plane at v^^, giving the pei*spective of the vani^iing point of the 
roof line, represented in the diagram by the line bg. 

By a similar process, h^k^ and h^k^ are found to represent 
respectively the horizontal and vertical projections of an element 
of the system to which belongs the roof line represented in the 
diagmm by the line hk. The i)erspective of the vanishing point 
of this line has been found at v**^. 

V*', v^^^ and v^^ have all been found to lie above VH (§ 51. 
note). 

71. v'**, v^®, and v^^ are found exactly as were v**, v^*, 
and v^^ ; but, as tlie systems to which they belong vanish down- 
ward, they will lie below VH (§ 51, note). 

Thus, /"rfi" and f^d^ are resf^ectively the horizontal and 
vertical projections of an element of the system represented by/d 
in the diagram. A line drawn through SP", immllel to/^^rfj" (or 
fd in the diagram), will intersect HPP in the point tv, A verti- 
cal line througli w will intersect a line through SP^ parallel to 
/vrfi^, below VH. 

72. Having found the perspectives of these vanishing points, 
the perspectives of the vanishing traces of all the planes in tlie 
object should be drawn as a test of the accuracy with which the 
vanishing points have been constructed. The roof planes in 
the house are lettered with the capital lettei-s M, N, O, P, etc., 
on the diagram. 
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The plane O contains the lines af, ad, and/c?. Therefore, tlie 
vanishing trace (TO) of the plane must be a straight line passing 
through the three vanishing points, v^^, v**^, and v^^ (§ 24 d). If 
all three of these vanishing points do not lie in a straight line, it 
shows some inaccuracy, either in draughting or in the method 
used in finding some of the vanishing points. The student should 
not be content until the accuracy of his work is proved by draw- 
ing the vanishing trace of each plane in the object through the 
vanishing points of all lines that lie in that plane. 

The plane M contfiins the lines /d, gc, and dc. The last line 
belongs to the system ah, and hence its vanishing point is v^^\ 
The vanishing trace (TM) of the plane M must pass through v^'S 
t;«% and t;**\ 

Similarly, tlie vanishing trace (TP) of the plane P must pass 
through v^"", v\ and v^^. TN must i)ass through v""^', ?'*Vand v^*«. 
TQ must pass througli r^'^ and v^^. TR must piss through v^^ 

m 

and v^*^. 

73. The vanishing trace of a vertical plane will always he a 
vertioal line passing through the vanishing i3oints of all lines 
which lie in the plane. Therefore, tlie vanishing trace of the 
vertical planes in the liouse that vanish towards the left will be 
represented by a vertical line (TS) passing through v'"^ 

' Tlie vanishing trace of the vertical planes of the house that 
vanish towaitls the right will be rei)resented by a vertical line 
(TT) passing through v^^. As the vertical plane which forms 
the face of the porch l)elongs to this system, and as this plane 
also contiiins the lines Iik and kl, TT wtU be found to pass 
through v^'^ and v^^ as well as v^^\ 

74. It will be noticed that the vanishing points for the lines 
mn and on have not been found. These vanishing points might 
have l)een found in a manner exactly similar to that in which the 
other vanishing points were found, or they may be detcM-mined 
now, directly from the vanishing traces alrejuly drawn, in the 
following manner: — 

The line vm is seen to be the line of interse(*tion of the two 
planes N and Q. Therefore* (§ '24 c) ?'"'" must lie at the inter- 
section of TN and 'J'Q. 

For a similar reason, t'"" must lie at the intersection of TN 
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and TR. TN and TR do not intersect within the limits of the 
plate, but they are seen to converge as they piss to the left, and, 
if produced in that direction, would meet at* the vanishing point 
for the line on, 

75. Having found ?»"\ r**', v^'^, and r^'\ TN could have lx3cn 
dniwn through v"*'* and v^'^; and TO could have been drawn 
througli r"'^ and v^'\ As af is the intersection of the two planes 
N and O, i^^ could have Ixjen found at the intereection of TN and 
TO without actually ccmstructing this vanishing point. 

Similarly, ?'*^*^ could have been determined by the intersec- 
tion of TM and Tl\ 

liy an examination of the plate, the student w^ill notice that 
the vanishing point for each line in the object is formed at the 
intersection of the vanishing tra(H*s of the two planes of which 
the line'forins the intt^i-section. Thus, the line ad forms the inter- 
sec ticm between the plane O and the left hand vertical face of the 
hcmse. r*"^ is fcmnd at the intersection of TO and TS. 

The line /</, which forms the ridge of the roof, is the int(3r- 
section of the planes M and N. The vanishing point for f(j is 
v^\ and TM and TN will be found to intersect at v^^. r''^ is 
found at tlie intersection of TQ and TT, v^^ is found at the inter- 
sect icm of TR and TT, etc. 

It will be noticed also that the two lines hk and kl lie in the 
same vertical i)lane, and make the same angle with the horizontal, 
one vanishing upward, and one vanishing downwaixl. Since both 
lines lie in the same vertical plane, both of their vanishing points 
will be fcmnd in the vertical line which represents the vanishing 
tnice of that plane. Also, since both lines make equal angles with 
the horizontid, the vanishing point of the line vanishing upwaixl 
will be found as far above VII as the vanishing point of the line 
vanishiner downward is Inflow VII. 

In a similar way, the line ft// vanishes upward, and the line 
f<l vanishes downward ; each making the same angle with the 
horizontal (as sliown by the given plan and elevation). These 
two lines do not lie in tlie same plane, but may be said to lie in 
two imaginary vertical planes which are parallel to one another. 
Their vanishing points will be seen to lie in the same vertical line, 
v^'^ being as far above VII as v^'^ is Inflow it. 
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As a general statement, it may be said that if two lines lie 
in the same or parallel vertical planes, and make equal angles 
with the horizontal, one vanishing upward and the other van- 
ishing downward, the vanishing points for both lines will be 
found vertically in line with one another, one as far above 
VH as the other is below it. 

This principle is often of use in constructing the vanishing 
point diagram. Tlius, having found v**^, v^^ could have been 
determined immediately by making it lie in a vertical line with 
v^\ and as far below VH as v^^ is above it. 



VANISHING POINT DIAGRAM. 

76. The somewhat symmetrical figure fpnued by the vanish- 
ing traces of all the planes in the object, together with all 
vanishing points, HPP, and the vertical and horizontal projec- 
tions of the station point, is called the Vanishing Point Diagram 
of the object. 

77. Having found the complete vanishing point diagram of 
the house, the perspective projection may be drawn. VH, may 
be chosen in accordance with the kind of a perspective projection 
it is desired to produce (§ 29). In order that all the roof lines 
may be visible, VHj has been chosen far below VH. The result- 
ing perspective is a somewhat exaggerated bird's-eye view. 

The point e^* will be found on VH|, vertically under the 
point e in the diagram, a^e^ lies in the picture plane, and shows 
the true height of the vertical wall of the house, From a^ and 
e^, the horizontal edges of the walls of the main house vanish to 
v*^ and y***. 

The points cP*, 6^, m^, and 6^ ai^e found on the upper hori- 
zontal edges of the main walls, vertically under the points where 
HPP is crossed by visual rays drawn through the points d, ft, m^ 
and in the diagram. Vertical lines from cP and h^ complete 
the visible vertical edges of the main house. 

In a similar mannei* the perspective of the vertical walls of 
the porch is obtained. 

Each roof line vanishes to its respective vanishing point. 
oFf^ vanishes at v*'. f^d^ vanishes at v^'^ These two lines inter- 
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sect ill the point /^. The ridge of the main house passes through 
f^\ vanishing at t'"'\ g^c^ vanishes at r*^*^, passing tlirough the 
point 6?^, which has already I)een determined by tlie intei-section 
of the two ui)[)er i*ear horizontal edges of the nijiin walls, h^g^* 
vanishes at t?*^^ conii)leting the perspective of the main roof. 

In tlie porch, h^k^ vanishes at i'**^, passing through the point 
h^\ already determined by the vertical walls of the porch. k^F 
passes through P\ and vanishes at r^^ From k^ the ridge of the 
porch roof vanishes at v*'\ From m^^ a line vanishing at v'"" 
will intersect the ridge in the point n^^ and represent the intersec- 
tion of the roof planes Q and N. The vanishing point for o^'n^' 
falls outside the limits of the j)late. o^*?n^' may be connected with 
a line which, if the drawing is accurate, will converge towanls 
botli TN and TR, and, if produced, would meet them at their 
intersection. 

78. While constructing the vanishing point diagram of an 
object, the student should constantly keep in mind the general 
statements made in the note under § 09. 

Plate IV. should now be solved. 



PARALLEL OR ONE-POINT PERSPECTIVE. 

79. When the diagram of an object is placed with one of its 
principal systems of horizontal lines parallel to the picture plane, 
it is said to be in Parallel Perspective. This is illustrated in 
Fig. 24, by the rectangular block there shown. One system of 
horizontid lines in the block being parallel to the picture jdane, 
the other system of horizontid lines must be perj)endicular to the 
picture plane. The vanishing point for the latter system will be 
coincident with SP^' (§ 52). The horizontal sysUjm that is parallel 
to the picture plane will have no vanishing point within finite 
limitiJ (§ 54, witli noU^ ; also last paragraph of note under § (59). 
The tliird system of lines in the ol)iect is a vertic^al om* and will 
have no vanishing point within finite limits (§ 54). Thus, of the 
three systems of lines that form the edges of the block, only one 
will have a vanishing point within finite lindts. This fact has 
led to the term One-Point Persi^ective, which is often applied to 
an object in the position shown in Fig. 24. As will be seen, this 
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is only a si)ecial case of the problems already studied, and the 
construction of the pei*spective of an object in parallel pei"spective 
is usually simpler than when the diagram is turned at an angle 
with II PP. 

80. The vertical face (cihfe) of the block lies in the picture 
plane. It will thus show in its true size and shape (§ 2-4 li). The 
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points t'^ and/^ will be found on VII, vertically below the j)oints 
e and/ in the diagram. 

81. Both the edges <^'*a** and ,/'^V>'' are lines of measures, and 
will show the true height of the block, ns given by the elevation. 

82. The two lines ^(^7>** and ^'\7**', since they are fonned by 
the intersection (»f the l)ases of the block with the picture plane, 
will also be lines of measures (§ oo^, and will show the true 
length of the block, as given by the plan and elevation. 

83. The persi)ective of the fnmt face of the block, which is. 
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coincident witii the picture plane, can be drawn immediately. 
From a*', b^\ e^, and f^\ the horizontal edges, which are })eri)endicu- 
lar to the picture plane, will vanish at v*** (coincident with SP^). 
The rear vertical edges of the block may be found in the usual 
manner. 

84. The lines a^b^\ (Fc^^ <?^y'^, and A'//^, which furm the hoii- 
zontul edges pirallel to the picture i)lane, will all be drawn j)anil- 
lel to one another (§ 54, note) ; and since the lines in space which 
they represent are horizon Ud, a^i^, tFc^\ (^\P\ and /i'y will all 
be horizontal (see last paragraph of note under § (59 ). 

All of the principles that have been stated in connection with 
the other problems will apply equally well to an object in 2)arallel 
perspective. 

8o. Interior views are often shown in parallel j^rspective. 
One wall of the interior is usually assumed coincident witli the 
picture plane, and is not shown in the drawing. For illustration, 
the rectiuigular block in Fig. 24 may be considered to represent a 
hollow box, the interior of which is to be shown in |)erspective. 
Assume the face (a^J/f^e^ that lies in the picture plane to be 
removed. The resulting iK'rsjxjctive projection would show the 
interior of the box. In making a parallel perspective of an interior, 
however, VII is usually drawn lower than is indicated in Fig. 24, 
in oixler to show the inside of the up^Hir face, or ceiling, of tlie 
interior. With such an arrangement, three walls, the ceiling, and 
the floor of the interior, may all be shown in the j)erspective 
projection. 

8G. Fig. 2/) shows an example of interior parallel perspective. 
The i)lan of the room is shown at tlie t()[) of the jJate. This has 
been i)laccd so that it may be used for the diagram, and save the 
necessity of making a separate drawing. The elevation of the 
room is shown at the left of the plate, and for convenience it has 
been placed with its lower horizontal edge in line with VI Ij. In 
this 2)ositi<)n all vertical dimensions in tlie o])ject may be carried 
by horizontal (construction lines directly from tlie elevation to 
the vertical line of measures («'V'** or i^y**) in the j)ersj)ective 
projection. 

87. The front face of the rocmi {''^^^*\f^<^^)f whidi is coinci- 
dent with the picture plane, may first \w. est«d)lished. Each point 
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in tlie perspective of this front face will be found to lie vertically 
under the corresponding point in plan, and horizon tjiUy in line 
with the corresponding jK)int in elevation. Thus, a^ is vertically 
under «**, and horizontally in line with a\ 

All lines in the room which are perpendicuhir to tlie picture 
plane vanish at v^^^ (coincident with SP^'). 

Drawing visual rays from every point in the diagram, the 
corresponding points in the j^erspective projection will Ik) verti- 
cally under the points where these visual rays intersect HPP. 
The construction of tlie walls of the room should give the student 
no difficulty. 

. 88. In jfinding the persjxjctive of the steps, the vertical 
heights should first be projected by horizontal coijstruction lines 
from the elevation to the line of measures (a^e^^), as indicated by 
the divisions between e^ and m. These divisions can then be 
earned along the left hand wall of the room by imaginary hori- 
zontal lines vanishing at r*'\ The pei-spective of the vertical 
edge where each step intei-sects the left hand wall may now be 
determined from the plan. Thus, the edge 8^/^ of the first step 
is vertically below the intersection of HPP with a visual ray 
drawn through the point «" in plan, and is between the two hori- 
zontal lines projected from the elevation that show the height of 
the lower step. The corresjx)nding vertical edge of the second 
step will be projected from the plan in a similar manner, and will 
lie between the two horizontal lines i)rojected from the elevation 
that show the height of the second step, etc. 

From B^ the line which forms the interaection of the wall 
with the horizontal surface of the first step will vanish to v*'', etc. 

From r** the intersection of the fii^st step with the floor of the 
room will be a line belonging to the same system as a^6^, and will 
therefore show as a true horizontal line. The point t^ may be 
projected from the diagram by a visual ray, as usual. From t^ the 
vertical edge of the step may be drawn till it intoi'sects a horizon- 
tal line through ,s*^, and so on, until the stops that rest against the 
side wall are determined. 

89. The three npi^er steps in the flight rest against the rear 
wall. The tliree upj)er divisions on tlie line e^m may 1x3 carried 
along the left hand wall of the room, as indicated, till they inter- 
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sect the rear vertical edge of the wall, represented by the line 
(Ph^. From these intersections the lines may be earned along 
the rear wall of the room, showing the heights of the three upper 
steps where they rest against the rear wall. 

The three upper divisions on the line e^m have also been 
projected across to the line /'*i^, and from this line carried by 
imaginary horizontjil lines along the right hand wall of thie room 
to the plane N, across the plane N to the plane O, and from the 
plane O to the plane M. Thus, for illustraticm, the upper division, 
representing the height of the upjjer step, has been carried from 
m to <? ; from c to g along the right hand face of the wall; 
from (/toj along the plane N ; from J to k on the plane (), and 
from k to p^* on the plane ]\r. 

The poiiit p^* is where the line which represents the height of 
the upper step meets a vertical dropped fmni the intersection of 
HPP with a visual my through the point p^ in the diagram, p^ 
is one corner in the perspective of the upper step, the visible edges 
of the step being rei)resented l)y a horizontid line^ p^kj a line 
(^p^o^) vanishing at t****, and a vertical' line drawn from p^ between 
the two horizontal lines on the plane H, which represent the 
height of the upi)er stej). The point o^ is at the intersection of 
the line drawn through p^\ vanishing through r***, with the hori- 
zontal line on the rear wall drawn through the point ?t, and 
representing the ujiper step where it rests against the rear 
wall. 

The remaining steps may be found in a similar manner. The 
student should have no difficulty in following out the construction, 
which is all shown on the plate.. 

90. The positicm of the point t^* on the line r^t^ was deter- 
mined by projecting in the usual manner from the diagram. The 
IX)sition of t^' might liave been ftmnd in the following manner: In 
the figure tlie line e^^' is a line of measures (§ 81), and divisions 
on this line will show in their true size. Tlius, if we imagine a 
horizontal line to be drawn through t^\ juinillel to the wall of the 
room, it will intersect <'**/''' in the point ?/. Since t'^n is on a line 
of measures, it will show in its trne length. Thus, t^* might have 
I)een determined by laying off r^'u equal to the distance e^^Ui tiiken 
from the plan, and then drawing through the point u a line van- 
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ishing j;t t'*'^ The iiiterseition of this line Avith the liorizoiital 
line (Iniwii through r^ will deteniiiiie f\ 

ill a similar manner the vertical edges of the steps, where 
they intersect the plane M, might have Ixjen found by laying off 
from w, on e^y'^\ the divisions uv and viv tiiken from the plan. 
These divisions could have been carried along the floor by hori- 
zontal lines pai-allel to the sides of the room (vanishing at i'*'^), to 
tlie phine M, and then projected vertically upward on the plane 
AI. as indicated in the figure. 

Solve Plate V. 

METHOD OF PERSPECTIVE PLAN. 

91. In the foregoing problems tlie i^ei-spective projection has 
been found from a diagram of tlie object. Another way of con- 
structing a pers|)ective projectiqn is by the method of Perspective 
Plan. In this method no diagmm is used, but a persjx^ctive plan 
of the obj(»ct is first made, and from this pei*sj)ective plan the per- 
spective projection of the object is determined. The perspective 
plan is usually 8up2K)sed to lie in an auxiliary horizontal i)lane 
below the plane of the ground. The principles upon whicli its 
construction is based will now be explained. 

92. In Fig. 20, suppose the rectangle rt"6"6'"(7" to i-epresent 
the horizontal projection of a rectangular card resting upon a 
horizontal plane. The diagram of the card is shown at the upper 
part of the figure. It will be used only to explain the construc- 
tion of the perspective plan of the card. 

First consider the line ad, which forms one side of the card. 
On II PP lay off from «, to the left, a distance ((/<') equal to the 
length of the line ad. Connect the points e and d. ead is by 
construction an isosceles triangle lying in the plane of the caiti, 
with one of its equal sides (a^^) in the picture plane. Now, if this 
triangle be put into perspective, the side ad^ being behind the pic- 
ture plane, will aj)pear shorter than it really is ; while the side a/*, 
which lies in the picture plane, will show in its true length. 

Let VIIi be the vertical trace of the plane on which the card 
and triangle are supposed to rest. The position of the station 
point is shown by its two projections SP*^ and SP\ The vanish- 
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iiig point for the line ad will be fonnd at v*'^ in the nsnal man- 
ner. In a similar way, the vanishing point for the line ed, whicli 
forms the liaise of the isosceles triangle, will be found at v^*^^ as 
indicated, a}* will l)e fonnd on Vllj vertically under the point a^ 
which forms the apex of the isosceles triangle end. The line 
a}\F will vanish at r*'*. The point e^ will be found vertically 




below the point e, e^d^ will vanish at v^^, and determine by its 
intersection with a^d^ the length of that line. e^'a^\P' is the 
perapective of the isosceles triangle ead. 

If the line ad in the diagram is divided in any manner by 
the points f, s, and r, the perspectives of tliese j)oints may l)e 
found on the line a^d^* in the following way. If lines are dniwu 
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through tlie points ^ *, uiul r in the diagram parallel to the base 
de of the isosceles triangle (^ead)^ these lines will divide the line 
ae in a manner exactly similar to that in which the line ad is di- 
vided. Thus, aw will ecpuil at, ivv will equal f^, etc. Now, in the 
perspective projection of the isosceles triangle, re'V lies in the 
picture plane. It will sliow in its true length, and all divisions 
on it will show in their true size. Tlius, on a^e^^ lay off a^*w^\ 
w'^y*', and v^'ay equal to the corresponding distances at^ tn, and sr, 
given in the diagram. Lines drawn through the j)oints w^\ v^\ 
and «'', vanishing at i'**'\ will. he the i)erspective of the lines irt, 
v«, and ur in tlie isosceles triangle, and will determine the positions 
of t^\ «^, and r^, by their intersections with a^\V\ 

03. It will be seen that after having found !•'"* and r*''^ the 
perspective of the isosceles triangle can be found without any 
reference to the diagram. Assnming the ptKsition of a^ at any 
desired point on VIIj, the divisions a^\ w^\ v^\ u^\ e^' may be laid off 
from a^ directly, uuiking them ecpial to the corresponding divisions 
rt", f", «*\ r", (Z", given in the plan of the card. A line through a^' 
vanishing at r**^ will represent the perspective side of the isosceles 
triangle. The length of this side will be determined by a line 
drawn through e^\ vanishing at v^'^. llie jK)sitions of t^\ «^, and 
r^ may be determined l)y lines drawn through w^\ v^\ and u^\ van- 
ishing at v^*^, 

94. It will l)e seen that the lines drawn to r*"*^ serve to 
measure the perspec^tive distances a^' t^\ f' h^\ s^* r^\ and /•'' (F, on 
the line a^\Fy from the true lengtiis of these distances as laid off 
on the luie a^e^. Hence the lines vanishing at v^*^ are called 
Measure Lines for the line a'\F, and the vanishing point v^'Ms 
called a Measure Point for a^^P*. 

Oo. Every line in j)ei-spective has a measure point, wliich 
may be fcmnd by c'onstructing an isosceles triangle on the line in a 
mjinner similar to that jnst explained. 

NoTK. — The vanishing point for the base of the isosceles 
triangle always becomes the measure point for the side of the 
isosceles triangle which does not lie in II PP. 

9G. All lines belonging to the same system will have the 
same measure jK)int. Thus, if the line hr, wiii(;h is parallel to ad^ 
be continued to meet IIPP, and an isosceles triangle (c/rw) con 
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structed on it, as iiidieated by the dotted lines in the figure, iiie 
base (W6*) of tliis isosceles triangle will be pamllel to de, and its 
vanishing point will be coincident with v^®. 

97. There is a constant relation between the vanishing point 
of a system of lines and the measure point for that system. 
Therefore, if the vanishing point of a system of lines is known, 
its measure point may be found without reference to a diagram, ixa 
will be exj)lained. 

In constructing tlie vanishing points v^'^ and v^^^^fh was drawn 
parallel to ad^f(j was dmwn i)arallel to ed^ and since //</ is coinci- 
dent with IIPP, the two triangles end and ///// nnist be similar. 
As ae was made equal to ad in the small triangle, ///must l)e equal 
to hg in the large triangle ; and consequently if'^^ which is as far 
from v^^^ as g is from It, must be as far from v^^ as the point/ is 
from the point h, 

Tf the student will refer back to Figs. 8, 9, and 9a, he will see 
that the point h bears a similar relation in Fig. 20 to that of the 
point 7)1^ in Figs. 8, 9, and 9a, and that tlie point h in Fig. 26 is 
really the horizontal projection of the vanishing point t>'"^ (See 
also § 32.) Therefore, as r*'*^ is as far from ?;"*^ as the j)oint h is 
from the point/, we may make the following sbitement, which w^ill 
hold for all systems of liorizontid lines. 

98. The mvaHure point for any Hi/Htnn of horizontal lines will he 
found on VK as far from the lumiahing jwint of the s<gHtem an the 
horizontal projeetion of that ranishing point in distant frorti the hori- 
zontal projection of the station jfoint, 

Xdte. — hi accordan(!e with the construction shown in Fig. 
2C), SP^ will always lie between the vanishing point of a syst(^m 
and its measure point. 

99. The measure point of any system of lines is usually de- 
noted by a small letUn* m with an index corresponding to its re- 
lated vanishing j)oint. Thus, >»"'' signifies the measure point for 
tlie syst(^ni of lines vanishing at i'"^ 

100. The vanishing point for ah in Fig. 20 has l>een found at 
i'"^ The point //, in III^P, is the horizontal jn-ojection of this 
vanishing point. The measure point (/>i'^'*) for all lines vanishing 
at v°^^ will be found on VII, at a distance from r'*'* equal to the 
distance from n to SP" (9Sj. In accordance wiUi this statement, 
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w*^* has been found by dnuvin<r an arc willi n as center, and with 
a radius e([ual to the distjince from u to SI*", and droi)ping from 
the intersection of tliis arc with H PI* a vertical line, w/*'* is 
found at the intei'section of this vertical line witli Vll. 

101. The iHii-spective of ah has l)een drawn from (i^\ vanishing 
at r"'\ (t^'hi on VIIi is made eipial to the length of ff"/>" given 
in the plan of the card. A measure line through h^, vanishing at 
m***, will determine the length of a^'h^\ A line from h^' vanishing 
at v'*'S and one from d^ vanishing at y**'*, will intei'sect at a^\ com- 
])leting the i)ei-spective plan of the card. 

102. Even the vanishing points (t'*^ and i'**^) for the sides of 
the card may be found without drawing a diagram. Since fn is 
drawn parallel to ab, it makes the same angle with HPP that ah 
makes. Similarly, since fh is drawn parallel to ad^ it makes the 
same angle with IIPP that ad makes. The angle between //i and 
fh must show the true angle made by the two lines ah and ad in 

the diagRim. Therefore, having assumed SP", w^e have sim- 
l)ly to draw two lines through SP", making with HPP the respec- 
tive angles that the two sides of the cards are to make with the 
picture plane, care being taken that the angle these two lines 
make with one another shall equal the angle shown between the 
two sides of the card in the given plan. Thus, in Fig. 27, the 
two projections of the station point have fii'st l)een assumed. Then 
through SP", two lines (fn and /A) have been drawn, making re- 
spectively, with IIPP, the angles (H° and N°) which it is desired 
the sides of the card shall make with the i)i(!ture plane, care being 
taken to make the angle between /n and/// e(iual to a right angle, 
since the card shown in the given plan is rec^tangular. 

Verticals dropped to VII from the jKnnts n and // will deter- 
mine r*"*^ and v**^ Having f(mnd v^^' and t'"'\ ?«"'* and r//*^'^ should 
next be determined, as explained in § 98. VIIi should now be 
assumed, and a^ chosen at any jKunt on this line. It is well not 
to assume a^ very far to the right or left of an imaginary vertical 
line through SP^'. 

From a^ the sides of the card will vanish at v^^' and v^'^ re- 
spectively. Measure off from «'' on VII,, to the right, a distance 
(rt^/>i) e(\\vA to the length of the side «"/>" shown in the given 
plan. A measure line through Jj, vanishing at m'*^', will deter- 
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mine the length of a'*6^ Measure off from a^ on VII,, to the 
left, a distance (<«**</i) ec^ual to the length of the side rt"t?" sho\vi\ 
in the given plan. A measure line through (/^ vanisliing at m*^, 
will determine the length of a^iP\ 

From ft^* and iP\ tlie remaining sides of the caixl vanish to 
V*** and t;"^* respectively, determining by their intersection the 
point c^\ 

The line «"(?" in plan is divided by points ^", «", and r^. 
To divide the ix3rs[)ective (^a^tV*) of this line in a similar manner, 
lay off on VHi from a^\ to the left, the divisions fi, «i, and rj, as 
taken from the given plan. Measure lines through t^, s^, and 
r^, vanishing at m'*^\ will intersect ayd^^ and determine t^j 8^\ 
and r^. 

103. As has already been stated, the true length of any line 
is always measured on YUi, and from the true length, the length 
of the perspective projection of the line is determined by measure 
lines vanishing at the measure point for the line whose perspective 
is l)ein<y determined. Care must l>e ttiken to- measure off the true 
length of the line in the proper direction. The general rule for 
doing this is as follows : — 

If the measure point of any line is at the right of 5P^, the 
true length of the line will be laid off on VH^ In such a man- 
ner that measurements for the more distant points in the 
line will be to the left of the measurements for the nearer 
points. 

Thus, 7?i'^'^ is at the rii/ht of SP\ The point cP* is more dis- 
tant than the point t^\ Therefore, the measurement (rfj) for the 
point rP will be to the Ifff of the measurement for the j)()int f**. 
In other woixls, since 7/i*'^ is to the ru/ht of SP^^ di, which repre- 
sents a point more distant than ^j, must be to the h'ft of f,, the 
distance between t^ and d^ being ecjual to the true length of P\Fy as 
shown by ^"tZ" in the given plan. 

On the other hand, if the measure point for any system of 
lines is to the left of SP^ , the true measurements for any line 
of the system should be laid off on VH^ in such a manner that 
measurements for more distant points on the line are to the 
right of measurements for the nearer points of the line. 
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Tlius, m**^ is to the left of SP^. The pohit A*' is more distant 
tlian tlie point a}\ Therefore, Jj, which shows the true nieasure- 
lueiit for tlie jioiut i^, must be laid off to the right of a^. 

104. It sometimes happens that a line extends in front of 
the pictui-e plane, as has already been seen in the lines of tlie 
nearest corner of the porch in Fig. 22. Jt may be desired to 
extend the line a^rf^ in Fig. 27, in front of the picture plane, to 
the point y^, as indicated in the perspective projection. In this 
case, the j^oint a^ being more distant than the ix)int ^^, and 7/?"*^ 
being to the rigJtt of SP\ the true measurement of a^y^ must be 
laid off on VH, in such a manner that the measurement for a^ 
will be to the left of the measurement for .y^. In other words, 
y, must be on VHj to the right of a^, the distance a^y^ showing 
the true length of aTy^> 

Note. — The true length of any line whieli extends in front 
of the picture plane will be shorter than the pers2)ective of the 
line. 

105. Having determined the i)erspective of any line, as 
d^c^Y its true length may l)e determined by drawing measui-e lines 
through <F and c**'. The distance interce|)ted on VII, by these 
measure lines will show the true length of the line. Thus, rfV 
vanishes at r"'*. Its measure point must therefore be m^^. Two 
lines drawn from m^^^\ and passing through c'* and d^* respectively, 
will intersect VI Ij in the points c^ and d.,. The disttince l)etween 
<?i and (/o i'*^ ^^^^ ^^^^^ length of c^d^\ This distance will be found 
equal to a^'ftj, which is the true measure for the opposite and 
equal side (^«^6**) of the rec^tiingle. 

In a similar manner, the true length of li^c^ may be found 
by dmwing measure lines from m^'^ through ft^' and c^ respec- 
tively. h,f,^ will show the true length of c^*h^\ and should be 
equal to a^rf,, which is the true length of the opposite and equal 
side Qiyd^^ of the rectangle. 

106. The pei-si)ective (w^) of a i)oint on one of the rear 
edges of the card may be determined in either of the following 
ways : — 

1st. From /?.,, which is the intersection with VII^ of the 
meiisure line through h^\ lay off on VII^ to the left (§103), the 
distance btv equal to the 6"t^;" taken from the given plan. A 
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ineasure line tlirough w.^^ vanishing at 7/i**\ will intei-sect c^'b^' at 
the point w^\ 

2tl. In the given plan draw a line through ?t'", parallel to a"6", 
intersecting a"(Z" in the point w^. On VH^ make a^*n\ equal to 
rt"//'^, as given in the i)lan. A measure line through n\, vanish- 
ing at m'"\ will determine w^ on a^\l^. From iv^y a line i)arallel 
to a^*b^' (vanishing at v^^) will determine, by its intersection with 
b^\'^, the position of tv^\ 

107. In making a j)erspective by the method of 2)erspective 
plan, it is generally customary to assume VH and II PP co- 
incident. That is to say, the coordinate planes are supposed to 
he in the {)osition shown in Fig. 9, instead of being drawn ai)art 
as indicated in Fig. 9a. Tiiis armngement simplifies the construc- 
tion somewhat. 

This is illustrated in Fig. 28, which shows a comj^lete prol)- 
lem in the method of pei*si)ective plan. Conqxire this figure 
with Fig. 27, supposhig that, in Fig. 27, HPP with all its related 
liorizontal projections could be moved downward, until it just 
coincides with VH. The point n would coincide with v^^\ ft ^vith 
v"**, and the arrangement would be similar to that shown in Fig. 
28. All the principles involved in the construction of the meas- 
ures, points, etc., would remain unchanged. 

108. The vanishing points in Fig. 28 have fii-st been 
assumed, as indicated at v'"^' and v^"^. As the plan of tlie object 
is i-ectangular, SP** may be assumed at any point on a semicircle 
constructed with v"-^v^^ as diameter. By. assuming SP'^ in this 
manner, lines drawn from it to v'*^' and v^^^ respectively must be 
at riglit angles to one another, since any angle that is just con- 
tained in a semicircle nnist be a right angle. These lines show 
by the angles they make with HPP, the angles that the vertical 
walls of the object in i)erspective projection will make vnth the 
picture plane (§102). 

109. ???'**' and m^^ have l)een found, as explained in §97, in 
accordance with the rule given in § 98. 

VHg should next be assumed at some distjince below VH, to 
represent the vertical trace of the horizontal plane on which the 
perspective plan is to be made (§ 91). 

The position of a^' (on VH^^) may now be assumed, and the 
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persi)ective plan of the object constructed from the given phm, 
exactly as was done in the case of the rectangular caixl in 
Fig. 27. 

110. Having constructed the complete perspective plan, 
every point in the persi)ective projection of the object w'M be 
found vertically above the corresponding point in the perspective 
plan. 

VHi is the vertical trace of the plane on which the persi)ec- 
tive projection is supposed to rest. a^ is found on VHj verti- 
cally over a^ in the pers[)ective plan. ^1*^^ is a vertical line of 
measures for the object, and shows the true height given by the 
elevation. 

To find tlie height of the ai)ex (Jc^) of the roof, imagine a 
horizontal line parallel to the line ah to pass through the apex, 
and to l>e extended till it intersects the picture plane. A line 
drawn through k^\ vanishing at y***, will represent the i)ei"spective 
plan of this linej and will intei-sect Vllg in the jxnnt 7w, which is 
the perspective plan of the jjoint where the horizont^d line 
tlirough ^1 f^ apex intersects the picture plane. The vertical dis- 
tance //jmi, laid off from VH,, will show the true height of the 
point k above the ground, k^* ^\^ll be foinul vertically above 
Ar^, and tm the line through ?/i vanishing at ?'"^\ The student should 
find no difficulty in following the construction for the i-emainder 
of the figure. 

111. Fig. 29 illustrat>es another example of a similar nature 
. to that in Fig. 28. The student should follow carefully through 

the construction of each point and line in the perspective plan 
and in the pei-spective projection. The problem offers no especial 
difficulty. 

Plate VI. should now l)e solved. 



CURVES. 

112. Perspective is essentially a science of straight lines. 
If curved lines occur in a problem, the simplest way to find their 
perspective is to refer the curves to straight lines. 

If the curve is of simple, regular form, such as a circle or an 
ellipse, it may be enclosed in a rectangle. The perei^ctive of the 
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Fig.30 



eiidosiiig rectangle may tlieii l>e found. A curve ins('ril)e(l within 

this persjieetive reeUmgle will be the i)crs{)eetivi' of tlie given eurve. 

Fig. J50 shows a cirele inserilxjtl in a square. The points of 

intersection of the diameters with the sides of the s([uai'e give 

the four points of tangency between the 
square and circle. The sides of the 
square give the directions of the circle 
at these points. Additional points on the 
circle may be established by drawing the 
diagonals of the square, and through 
the points ?m", A", /i", and A" drawing 
construction lines parallel to the sides 
of the square, as indicated in the figure. 
Fig. 31 shows the square, which is 
supposed to lie in a horizontal plane, in 
parallel pei*spective. One side of the 
square (^u^\F) lies in the picture plane, and will show in its true 
size. The vanishing point for the sides perpendicular to the 
picture plane will coincide with SP^ (§ 52, note). The measure 
jxjint for these sides has been found at wi*\ in accoitlance with 
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principles already explained, a^ft, is laid off on VII, to the right 
of the point a^, equal to the true length of the side of the scjuare. 
A measure line through h^^ vanishing at 7h^^\ will dett^rmine the 
position of the point b^. h^c^ will l)e j>anillel to a^d^' (§ 54, 
note). 
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The (lii^uiittls of tlie siiiiani muy be dmwn. Their inUireeu- 
tioii will deUsniiiiie the pt'i-siit'ctive center of tlie Hqiiitre. The 
diameterB will pass tlii-uiigh tlii» ]>ei-};i)ective eeiiter, uiie vanishing 
at SP^, and tlie other being imniJlel to a^tf 
(§ 54, note). 

The divisions liV and a'y will show 
in their true size. Lines thn)ugh e"" and/'', 
VHmshiiig at SP^", will intei«ect t}ie diagnnals 
of tlie s([iiare, giving four points on the per- 
8i>ective of the eii>;le. Four other points on 
the perajHsctive of the circle will l)e deter- 
mined hy the interaections of the dinmeter 
with the sides of tlie square. The pei'sjtec- 
tive of the curve ciin he dniwn an indicated. 

113. If the curve is of very- irregular 
form, such as that shown in Fig. 32, it can 
be enclosed in a rectangle, and the rectangle divided by lines, 
dmwn parallel to its sides, into smaller rectangles, as indicated in 
the figure. 

The perspective of the rectangle with its dividing lines may 
then be found, and the perspective of the curve drawn in free 
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haml. This is shown in Fig. 33. If very gi.eat Reciiracy is re- 
(Hiii.e(I, tlie persjieetivea (if tlie cxHct pointj* wliere the eiirve eni.ss«8 
tlie (lividing lilies of the rectjiligle iiniy be found. 
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APPARENT DISTORTION. 

114. There seems to exist in the minds of some beginners in 
the study of perspective, the idea that the drawing of an object 
made in accoitlance witli geometrical rules may differ essentially 
from the appearance of the object in nature. Such an idea is 
erroneous, however. The only difference between the a2)i)eardnce 
of a view in nature and its correctly constructed perspective pro- 
jection is that the view in nature may be looked at from any pointy 
while its perspective representation shows the view as seen from 
one j)articular point, and from that point only. 

For every new position that the observer takes, he will see 
a new view of the object in space, his eye always being at the ai)ex 
of the cone of visual rays that projects the view he sees (see Fig. 
1), In looking at an object in space, the observer may change his 
position as often us he likes, and will see a new view of the object 
for every new position that he takes. 

115. This is not true of the i)erspective projection of the 
object, however. Before making a perspective drawing, the posi- 
tion of the o])server's eye, or station point, must l>e decided upon, 
and the resulting perspective projection will rei)resent the object 
as seen from this iK)int, and from this point only. The observer, 
when looking at the dmwing, in order that it may correctly repre- 
sent to him the object in space, must place his eye exactly at the 
assumed position of the station point. If the eye is not placed 
exactly at the station point, the drawing will not apixiar abso- 
lutely coirect, and under some conditions will appear much dis- 
torted or exaggerated. 

1 IG. Just here lies the defect in the science of perspective. It 
is the assumption that the observer has but one eye. Practically, 
of course, this is seldom the case. A drawing is genendly seen 
with two eyes, and the casual observer never thinks of placing his 
eye in the proper position. liJven were he inclined to do so, it 
would generally be beyond his power, as the iX)sition of the stiition 
point is seldom shown on the fiiiished drawing. 

117. As an illustration of apparent distortion, consider the 
perspective projection shown in Fig. 28. In onler that the per- 
si^ectives of the vanishing jxjints nn'ght fall within the rather 
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narrow limits of the plate, the sUitioii point in the figure has been 
assumed very close to the picture plane, the distance from HPP 
to SP*' showing the assumed distiuice from the paj)er at which 
the observer should place his eye in order to obtain a correct view 
of the perspective projection. This distance is so short it is most 
improl)able that the observer will ordinarily place liis eye in the 
pr()i)er position when viewing tlie drawing, (consequently tlie 
jjei-spective projection appears more or less unnatural or dis- 
torted. But, for the sake of experiment, if Llie student will cut 
a small, round hole, one quarter of an inch in diameter, from a 
piece of cardboard, place it directly in front of SP^' and at a dis- 
tixnce from the paper ecjual to the distance of SP" from HPP, and 
if he will tlien look at the drawing througli the hole in the card- 
board, closing the eye he is not using, he will find that the inipleas- 
ant appearance of tlie jjerspective projection disappeai-s. 

It will thus be seen that unless the observer's eye is in the 
proper position while viewing a dniwing, the perspective projec- 
tion may give a very unsatisfactory representation of the object in 
space. 

118. If the observer's eye is not very far removed from tlie 
correct position, the apparent distortion will not be great, Jind in 
the majority of cases will l)e uunoticeable. In assuming the posi- 
tion for the station i)oint, care should Ije tiiken to choose such a 
j)osition that the observer will naturally place liis eyes there when 
viewing the drawing. 

110. As a person naturally holds any object at which he is 
looking directly in front of liis eyes, the first thought in assuming 
the station point should l)e to place it so that it will come very 
nejirly in the center of the persi)ective projection. 

120. P'urthermore, the normal eye sees an object most dis- 
tinctly when about Um inches away. As one will seldom place 
a dmwing nearer to his eye than the distance of distinct vision, a 
good general rule is to make the minimum disbmce between the 
station point and the ])icture plane about ten inches. For a small 
drawing, ten inches will be about right; but, as the drawing in- 
creases in size, the observer naturally holds it farther and farther 
from him, in order to emlirace the whole witlumt having to turn 
his eye too far to the right or left. 
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121. Soinetinies a general rule is given to make the distance 
of the stiitiou point ecjual to the altitude of an equilateral tri- 
angle, having the extreme dimensions of the drawing for its base, 
and the stiition point for its a{)ex. 

122. The apparent distortion is always greater when the 
assumed position of the ol)server's eye is too near than when it is 
too far away. In the former case, objects do not seem to diminish 
sufficiently in size as they recede from the eye. On the other 
hand, if the observers eye is l>etween the assumed position of sta- 
tion point and the picture plane, the effect is to make the objects 
diminish in size somewhat too rapidly as they recede from the eye. 
This effect is not so easily appreciated nor so disagreeable as the 
former. Therefore it is better to choose the position of the station 
point too far away, rather than too near. 

123. Finally, the apparent distortion is more noticeable in 
curved than in straight lines, and becomes more and more dis- 
agreeable as the curve approaches the edge of the drawing. Thus, 
if curved lines occur, great pains should be taken in choosing the 
station point; and, if jmssible, such a view of the object should be 
shown that the curves will fall near the center of the pers|)ective. 

124. The student should realize that the so-called distortion 
in a perspective projection is only an apparent condition. If the 
eye of the observer is placed exactly at the position assumed for 
it when making the drawing, the j)ei'spective projection will exactly 
represent to him the coiTesponding view of tlie object in s^^jice. 
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Data to be used by student in solving: plates. Leave all iwcesRary con- 
struction lines. Letter all points, vanishing points, lines, etc., as found, in 
accordance with the notation given in the Instruction Paper. 

PLATE I. 

PROBLEMS L, IL, III., IV., V., and VI. Find the per- 
spective of the point a. Also in each problem locate the positions 
of the point a, and of the station point, as follow : — 

behind \ 

inches \ or > of picture plane. 

in front ) 

above \ 

inches ^ or > the plane of the horizon, 

beh)\v ) 

Station point inches in front of the picture plane. 

PROBLEMS VII. and VIIL Find the perspective of the 
line A. 

PROBLEMS IX. and X. Find the perspective of the 
vanishins^ point of the system of lines parallel to the given 
line A. 

PROBLEM XI. Find from the given plan and elevation 
the perspective projection of the rectangular block. 

The view to be shown is indicate<l by the diagram. The 
station point is to be 3^ inches in front of the picture pbine. 
The position of SP^ is given. The perspt^ctive projection is to 
rest upon a liorizontal plane 2 inches below the level of the eye. 
Invisible lines in the perspective projection should be dotted. 

67 
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PLATE II. 

PROBLEM itll. To find the perspective of a cube the 
sides of which are 1} inches longf resting^ on a horizontal plane 
1 inch below the observer's eye. 

The nearest edge of the cube is about 1^ inches behind the 
picture plane, as shown by the relation between the given diagmm 
and HP P. The station point is to be 3| inches in front of the 
picture plane. The position of SP^ is given. Invisible edges 
of the cube should be dotted in the persjx^ctive projection. 

PROBLEM Xin. To find the perspective of a cube similar 
to that in the last problem. 

The position of the cube is such that it intersects the picture 
plane as indicated by the relation between the given diagram 
and HPP. The cube is supposed to rest on the horizontal plane 
represented by VIIj. The station point is to be 3| inches in front 
of the picture plane. The position of SP^ is given. Invisible edges 
should be dotted in the perspective projection. 

PROBLEM XIV. Block pierced by a rectangular hole. 

The plan and elevation given in the figure represent a rectan- 
gular block pierced by a rectangular hole which runs horizontally 
through the block from face to face, as indicated. The diagram, 
HPP, and the ix)sition of SP^ are given. The block is to rest on a 
horizontal plane 2| inches below the observer's eye. The observer s 
eye is to be 6 J inches in front of the picture plane. Find the per- 
spective projection of the block and of the rectangular hole. 
All invisible lines in the perspective projection should be dotted. 

PLATE III. 
PROBLEM XV. Find the perspective projection of the 
house shown in plan, side and end elevations. 

The diagram, HPP, and the projections of the station point 
are given. The house is supposed to rest on a horizontal plane 
1^^^ inch below the observer's eye. Invisible lines in this per- 
spective projection need not be shown except as they may be 
needed for construction. All necessary construction lines should 
be shown ; but the points in the perspective projection need not be 
lettered, except a'*, 6^, e^, and cT. 
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PLATE IV. 

PROBLEM XVL 

The plate shows the plan, front, and side elevations of a 
house. In order to assist the student in undei-standing these 
dmwings, an ohlique projection (at one-half scale) is given, witli 
the visible lines and planes lettered to agree Avith those in the 
plan and elevations. 

The problem is, firet, to find a complete Vanishing I^oint 
Diagram (§ 75) for the house in the position indicated by the 
given diagmm; second, to draw tlie jK^i'spective projection of 
the house, i*esting on a horizon fad plane six inches below the level 
of the observer's eye. The [)r()jecti()ns of the station point are 
given. 

There will be, including the verti(^al system, eleven systems 
of lines and eight systems of planes in the vanishing point dia- 
gram. 

m 

Note. — The lines of these systems can most easily l)e iden- 
tified by first finding their horizontid [)r()jections on the plan. 

In finding the vanishing points for the different systems, the 
student should proceed in the following oixler : — 

1st. Draw VH tlie vanishing trace for all horizontal jJanes. 

2d. Find ^'*^ the vanishing point for all horizontal lines in 
tlie house that vanish to the righj;. 

3d. Find v^\ the vanishing jx^int for all horizontal lines van- 
ishing to the left. • 

4th. Find v^'^. The line on forms the intei-section of the 
planes Ni and U, (see oblique projection). To this same system 
l)elong the lines n/, tttj and zi/. 

5th. Find y"'". The line mn forms the intersection of the 
planes Mj and U, (see oblique projection). To this same system 
belong the lines qp, ?'?/, and .rw, 

6th. Find v^. The line ft foinis the intersection of the 
planes S and Vj. The line jk also l)el()ngs to this same system. 

7th. Find v^^. The line !</ forms the intersection of the 
planes R and Vj. The line kh also belongs to this system. 
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8th. Find v'^K The line dj forms the intersection of the 
planes P and M. To this same system belongs the line which 
forms the intersection of the planes P and M, 

9th. Find v^^. The line ffb forms the intersection of the 
planes N and O. To this same system belongs the line which 
forms the intei-section between the planes Ni and O. 

10th. Draw the vanishing traces of the planes M, N, C), P, 
R, S, 1-, and V, checking the construction of the vanishing points 
already found. 

lltli. v*' will now be determined by the intersection of TP 
and TN (§ 74). The linens forming the intersection of the plane 
I* with the planes N and Ni .will vanish at t;*'. 

In a similar manner v^'^ will be determined by the intersection 
of TM and TO. The lines forming the intei^sections of the plane 
O with the planes M and Mi will vanish at v^\ 

The complete vanishing point diagram has now been found ; 
and it remains only to establish VHi in accordance with the given 
data, and construct the perspective projection of the house. A 
bird's-eye view has been chosen for the perspective projection in 
order to show as many of the roof lines as possible. 

Each visible line in the perspective projection should be con- 
tinued by a dotted construction line, to meet its particular van- 
ishing point. 

This problem will require more care in draughting than any 
of the previous ones, and the angles of the lines in revolved plan 
and elevation should be laid off with great precision. The stu- 
dent should not attempt to make the perspective projection until 
the vanishing point diagram is drawn with act5uracy. 



PLATE V. 

PROBLEM XVII. 

From the given data construct a perspective projection. Using 
the plan of view for a diagram as indicated. HPP, VHi, SP^, 
and SP^ are given. 

This plate need not be lettered, except as the student may 
find it an aid in construction. 
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PLATE VI. 

PROBLEM XVIII. 

Construct, by the uiethcxl of i)erspective plan, a ix»rsi)ective 
projection of the object shown in the given plan and elevations. 

HPP and VH are to be taken coincident (§ 107), as in- 
dicated oii the plate. 

The vanishing points (v""^ and v**^) for the two systenjs of 
horizontal lines in the ol)ject are given. The line ah is to make 
an angle of 60° with the picture ])lane. 

VH., is the vertical trace of the horizontal i)huie on whicli 
the {jerspective plan is to be dmwn. The corner (^i'') of this plan 
is given. The j)erspective projection of the object is to rest on 
tlie horizontal plane determined by VH,. 

An oblique pi'ojection of the object is given to assist in read- 
ing tiic plan and elevations. 

The student may use his discretion in lettering this i»lat<^. 
No letters are required except those indicating the positions of 
the station point and the measure points. 
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1. The drawings of which an architect makes use can be 
divided into two general kinds: those for designing the building 
and illustrating to the client its scheme and appearance; and 
'•working drawings" which, as their name implies, are the draw- 
ings from which the building is erected. The lirst class includes 
" studies," '' preliminary sketches," and '* rendered drawings." 
Working drawings consist of dimensioned drawings at various 
scales, and full-sized details. 

2. It is in the drawincrs of the first kind that "shades and 
shadows" are employed, their use being an aid to a more truthful 
and realistic representation of the building or object illustrated. 
All architectural drawings are conventional; that is to say, they are 
made according to certain rules, but are not pictures in the sense 
that a painter represents a building. The source of light casting 
the shadows in an architectural representation of a building is sup- 
posed to be, as in the "picture" of a building, the ^un, but the 
direction of its rays is fixe<l and the laws of light observed in nature 
are also somewhat modified. The purpose of the architect's draw- 
ing is to explain the building, therefore the laws of light in nature 
are followed only to the extent in which they help this explanation, 
and are, therefore, not necessarily to l)e followed consistently or 
completely. The fixed direction of the sun's rays is a further aid 
to the ])urp()se of an architectural drawing in that it gives all tlu^ 
drawings a certain uniformity. 

8. Definitions. A clear understandintrof the followintr terms 
is necessary to insure an understanding of the explanations which 
follow. 

4. Shade: "When a body is subjected to rays of light, that 
])ortion which is turned away from the source of light and which, 
therefore, does not receive any of the rays, is said to be in shade. 
ISee Fig. 1. 

5. fShaduai: When a surface is in light and an object is 
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placed between it and the source of ligbt, intercepting thereby 
Bonie of the rays, that portion of the surface from which light is 
thus excluded is said to be in shadow. 

0. In actual practice distinction is seldom made between 
these teniiB "shade" and •• shadow," and "shadow" is generally 
used for that part of an object from which light is excluded. 

7. I'lhhra: That portion of space from which light is 
excluded is called the umbra or invisible shadow. 

(a) The umbra of a point in space is evidently a line. 

(b) The umbra of a line i^ in general a plane. 

(c) The umbra of a plane is in general a solid. 

(d) It it) also evident, trom Fig. 1, that the shadow of an object upon 
another object is the intersection ot the umbra uf the fir»t object with the 
surface of the second object. For example, in Fig. 1, the shadow of the given 
sphere on the surface in light is the intersection of its umbra (in this case a 
cylinder) with the given surface producing an ellipse as the shadow of the 

8. Ray of light: The sun is the supposed source of light 

in " shades and shadows," 
and the rays are propo- 
gated from it in strai 
lines and in all directions, 
Therefore, the ray of lij 
can be represented graph 
ically by a straight line. 
Since the sun is at an in. 
finite distance, it can be 
safely assumed that the 
rays of light are all par- 
allel. 

it. Plane of light: A 

plane of light is any plane containinga ray of light, that is, in the 

sense of the ray lying in the plane, 

10. Shaile line: The line of separation between the portion 
of an object in light and the portion in shade is called the shade line. 

11. It is evident, from Fig. 1, that this shade line is the 
boundary of the shade. It is made up of the points of tangency 
of rays of light tangent to the object. 

13. It 18 also evident that the shadow of the object ie the 
apace enclosed bj the shadow of the shade line. In Fig. 1, the 
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shade line of the given sphere is a great circle of the sphere, 
shadow of this great circle on the given plane is an ellipse, 
portion within the ellipse is the shadow of the sphere. 



The 
The 



NOTATION. 

13. Ill the following explanations the notation usual in 
orthographic projections will be followed: 

H = horizontal co-ordinate plane. 
V = vertical co-ordinate olane. 
a = point in space.' 

r/v = vertical projection (or elevation) of the point. 
a^ — horizontal projection (or plan) of the point. 
«vs = shadow on V of the point a. 
(i^ = shadow on II of the point a. 
II = ray of light in space. 

Rv = vertical projection (or elevation) of ray of light. 
E^ = horizontal projection (or plan) of ray of light. 
GLr= ground line, refers to a plane on which a shadow is to 
be cast, and !h that projection of the plane jrhlch /.s* a Urn, 

14. In orthographic projection a given point is determined by "project- 
ing" it upon a vertical and upon a horizontal plane. In representing these 
planes upon a sheet of drawing paper it is evident, since they are at right 
angles to each other, that when the plane of the paper 

represents V (the vertical "co-ordinate" plane) , the hor- 
izontal "co-ordinate" plane H, would be seen and rep- 
resented as a horizontal line. Fig. 2. Vice versa, when 
the plane of the paper represents H(the horizontal co- 
ordinate plane) , the vertical co-ordinate plane V, would 
be seen and represented by a horizontal line, Fig. 2. 

15. In architectural drawings having the eleva- 
tion and plans upon the same sheet, it is customary to ^ 
place the ''elevation," or vertical projection, above the 
plan, as in Fig. 2. 

It is evident that the distance between the two 
ground lines can be that which best suits convenience. 

16. As the problems of finding the shades and 
shadow.^ of objects are problems dealing with points, 

lines, surfaces, and solids, they are dealt with as problems in Descriptive 
Geometry. It is assumed that the student is familiar with the principles of 
orthographic projection. In the following problems, the objects are referred 
to the usual co-ordinate planes, but as it is unusual in architectural drawings 
to have the plan and elevation on the same sheet, two ground lines are used 
instead of one. 

17. Ray of Light. The assumed direction of the conven- 
tional ray of light R, is that of th© diagonal of a cube, sloping 
downward, forward and to the right; the cube being placed so 
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that its faces are either parallel or perpendicular to H and V, 
Fig, 3 shows the elevation and plan of such a cube and its diagonal. 
It will be seen from this that the II and V jprojections of the 
ray ofVujht male anylvs of 4b^ with the ground lines. Tlie true 
angle which the actual ray in space makes with the co-ordinate 
planes is 35° 15' 52' This true angle can be determined as shown 
in Fig. 4. Revolve the ray parallel to either of the co-ordinate 
planes, In Fig. 4, it has been revolved parallel to V, hence T if 
its true angle. 

FIG-3 

V |\ Elev«iru 

X ct cube. >ift xa: 

FI&4 





18. It is important in the following explanations to realize the 
difference in the terms "ray of light," and "projections of the ray 
of light.'' 

SHADOWS OF POINTS. 

IW. Problem L To find the shadow of a given point on a 
S^ven plane. 

Fig. 5 shows the plan and elevation of a given point a. 
It is required to find its shadow on a given plane, in this case the 
Y plane. The shadow of the point a on V will be the point at 
which the ray of light passing through a intersects V. 

Through the II projection «**, of the given point, draw R^ 
until it intersects the lower ground line. This means that the 
ray of light through a has pierced Y at eome point. The exact 
point will be on the perpendicular to the ground line, where R^ 
drawn through a^ intersects the perpendicular. The point a^^ is, 
therefore, the shadow of a on the V plane. 

K^ is also the V projection of the iimhra of the point ^^ and 
it will be seen that the shadow of ej^ on Y is the intersection of its 
nmbra with V. 



172 



SHADES AND SHADOWS 



20. Fig. fi shows the construction for finding the sliadow of 
a point a on H. 

21. Fig. 7 shows the construction for finding the shadow of 
a point f7, which is at an equal distance from both Y and H. Ita 
shadow, therefore, falls on the line of intersection of V and H. 

22* Fig. 8 shows the construction for finding the imaginary 

^" ^^ f ^ FIG-5 




shadow of the point a^ situated as in Fig. 5, that is, nearer the V 
plane than the H. The actual shadow would in this case fall on 
V, but it is sometimes necessary to find its imaginary shadow on H. 
The method of determining this is similar to that explained in 
connection with Fig. 5. 

Draw R^ until it* meets the ground line of H. 

Erect a perpendicular at this point of intersection. 

Draw R*^. 

Tlie intersection a^^ of the latter and the perpendicular, is the 
required imaginary shadow on H of the point a. 



FIG-6 





FIC-8 




23. The actual shadow of a given point, with reference to 
tli(i two co-ordinate planes, will fall on the nearer co-ordinate plane. 

24. Fig. 9 shows the construction for finding the shadow of 



173 



SHADES ANT) SHAPOAVS 



tf ^ 


vfk 


FIG- 9 


^X'* 


1 
1 


> 


p \ 


1 

1 


\ 




1 


_ \a« 


M-. 


H,l 





a given ])oint ff on the Y plane M'hen the vertical and profile 

projections of the point are given. 

25. In general, thcfndlny of the shallow of a given j>oint 

on a g'ive)h jyhtne ?'.v the sunie as thefmJing of the jpoint of inter- 

section of its uuibra wHh th (it plane. To obtain this, one projec- 
tion of the given ^>A/;/6! inH»t 
he a line and that is 'used as 
the ground line. It is neces- 
sary to have a ground line to 
which is drawn the projection of 
the ray of light, in order that we 

may know that the ray of light has pierced the given plane. 

SHADOWS OF LINES. 

20. Problem II. To find the shadow of a ^iven line on a 

given plane. 

A straight line is made up of a series of points. Rays of light passing 
through all of these points would form a plane of light. The intersection of 
this plane of light with either of the co-ordinate planes would be the shadow 
of the given line on that plane. This shadow would be a straight line because 
two planes always intersect in a straight line. This fact, and tKe fact that a 
straight line is determined by two points, enables us to cast the shadow of a 
given line by simply casting the shadows of any two points in the line and 
drawing a straight line between these i)oints of shadow. 

FIG-IO 



FIG-n 



r 





In Fig. 10, a"'!)^ and a^"^ are the elevation and plan 
respectively of a given line (fh in space. Casting the shadow of 
the ends of the line a and h by the method illustrated in Problem 1 
and drawing the line a'^^fj^^, we olitain the shadow of the given 
line aJ> on Y. 

27. Y'lii. 11 shows the construction for finding the ehadow 
of the line ab w^hen the shadow falls upon H, 
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28. Fig. 12 shows the constnietion for finding the shadow 
of a line so situated that part of the shadow falls upon V and the 
remainder on H. To obtain the shadow in such a ease, it must be 
found wholhj on- either one of the c(f-(>i'(Ihi(ite pl^Dies, In Fig. 12, 
it has been found wholly on V , a''^ being the actual shadow of that 
end of the line, and h^^ being the imaginary shadow of the end h 
on. V. Of the line ^?W>vs ^ve use only the part a'^^v^^y\!si9X 
being the shadow which actually falls upon V. 



FIG -12 




FIG-13 



W 




FIG -14 



The point where the shadow leaves V and the point where it 
begins on II are identical, so that the beginning of the sliadowon 11 
will be on the lower ground line directly below the point r^^; ^-^'^ 

■ 

wmU then be one point in the shadow of the line on II, and casting 
the shadow of the end h we obtain Z^^". The line A'^i^^^ drawn 
between these points, is evidently the required shadow on H. 

29. Another method of castincr the shad- 
ow of such a line as ah is to determine the 
entire shadow on each plane independently. 
This will cause the two shadows to cross the 
ground lines at the same points-, and of these 
two lines of shadows we take only the actual 
shadows as the required result. This method 
involves unnecessary^ construction, but should 
be understood. 

30. Fi^c- 13 shows the construction of the 
shadow of a given line on a ])laiie to which 
it is parallel. It should be noted that tin' 

.slnnhni^ 111 thiti cifsi' In pant U- } ami cqmd /// JiUifth to the (j'vocn line. 

81. Ficr. 14 shows e construction of the shadow of a ixiven 

line on a plane to w^hicf ,he given line is ])erpendicular. It is to 
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be noted iliAtthe shadow ool tic id en hi direction with the ]>rojection 
of the ray of light on that plane^ and is equal in length to the 
diagonal of a square of which the given line is one side. 

32. Fig. 15 shows the construction for finding the shadow 
of a curved line on a given plane. Under these conditions we find, 
l)y Problem 1, the shadows of a number of points in the line — 
the greater the number of points taken the more accurate the re- 
sulting shadow. The curve drawn through these j)oiuts of shadow 
is the required shadow. 

33. In Fig. 10 the given line ah is in space and the prob- 
lem is to find its shadow on two rectangular planes muop and nrso^ 
both |)erpendicular to H. 

Consider first the shadow of ab on the plane mnop. The 
edge no is the limit of this plane on the right. Therefore from 
the point //^ draw back to the 



given line the projection of a 
ray of light. This 45° line in- 
tersects the given line at c^. It 
is evident that of the given line 

FIG 15 , 



FIG'16 



S! 





ah^ the part ac falls on the plane mnop and the remainder, ch^ on 
the plane nrno. 

To find the shadow of ac on the left-hand plane we must first, 
determine our ground line. The ground line vill he that ^y;v>- 
jection of tin' phi n t' m'*'i ci mj M/^ nhadoin which is a line. In this 
example the vertical ])rojection of the plane nntop is the rectangle 
///Vy/^V>^'y;^\ This projection cannot, therefore, be used as a GL. 
The ])lan, or II projection, (;f this plane is, however, a line nt^nK 
This line, therefore, will be used as the 'round line for finding the 
shadow of ac on ntnop. 
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We find the shadow of a to be at a^ and the shadow of c at c®, 
Problem I. The line a^f^ is, therefore, a part of the required 
shadow. The remaining part, (^b^ is found in a similar manner. 

34. The above illustrates the method of determining the 
GL when the shadow falls upon some plane other than a 
co-ordinate plane. In case neither projection of the given plane 
is a line, the shadow must be deter- 
mined })y methods which will be ex- 
jjained later. 

SHADOWS OF PLANES. 

35. Problem III. To find the shad- 
ow of a given plane on a given plane. 

Plane surfaces are bounded by 
straight or curved lines. Find the., 
shadows of the bounding lines by the ^ 
method shown in Problem II. The ' 
resulting figure will be the required 
shadow. 

36. In Fig. 17, the plane al>G is so 
situated that its shadow falls wholly 
upon V. The shadows of its bounding lines, nb^ hc^'ca have been 
found by Problem II. 




FIGM8 t? 



FIG-19 



\ 



That portion of the 
shadow hidden by the 
plane in elevation is 
cross-hatched along the 
edge of the shadow only. 
This method of indicat- 
ing actual shadows 
which are hidden by 
the object is to be fol- 
lowed in working out 

the problems of the examination plates. 

37. Fig. 18 shows the construction of the shadow of a plane on 

the co-ordinate plane to which the given plane is parallel. (In 

this case the vertical plane.) It is to be observed that the shadow 

is equal In i<t.ce and nhape to the (fiven> j[)lane. 

Fig. 11> shows that, in case of a circle parallel to one of the 
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co-ordinate planes, it is only nect-seary to find the shadow of the 
center of the circle and with that |)oint as a center construct a 
circle of the same radius as that of the given circle. 

NOTE: 

39. Any point, line, or plane lying in a surface is considered to be its 
own Kbadow on that aurtace. 

10. A. surface pai-allel to a ray ofUyfit is considered to he in shade. 

11. In tho alH're ))rol>lemH the points, lines and planes have been given 
in vertical and horizontal projei'tion. The methods for tindinn their shadows 
are, in general, eiiually true when tbe iioints, 'lines and planes are given by 
vortical and prolile projection or horizontal and prolile projection. 

SHADOWS OF SOLIDS. 

42. The methods fur finding the shadows of solids vary with the 

nature of the^iven solid. The shadows of solids which are bounded 

by plane surfaces, none of which are parallel, or perjtendicular, to 

the co-ordinate planes, can in general, be found only by tinding the 

shadows of all the bouudinfr planes. These will form an enclosed 

polygon, the Bides of which are tlie siiaddws of the shade lines of 

the object, and the shade 

lines of the solid are deter. 

mined in this way. The 

followinif is an illustration 

of this class of solids. 

48. Problem IV. To 
find th« shade and shadow 
of a polyhedron, none of 
whose faces are parallel or 
perpendicular to the co-or- 
dinate planes. 

Fit; 20 shows a poly- 
hedron in such a position 
and of snch a shajHs that 
none of its faces are per- 
|)endicular or parallel to the 
co-ordinate planes. It is 
impossible, theivfore, to apply to this figure the projections of the 
rays of light and determine what faces are in light and what in 
shade. Consequently we cannot determine the shade line whose 
shadows would form the shadow of the object. 
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Iff huitiiihinj i-'hjfM of the ohjifct. Some of tliese \\w» of shadow 
will form a polyjjon, the otliers will fall inside this polygon. Tho 
wiges of the object wliose shadows form the hounding lines of the 
jiolvgon of eliaduw are the shade lines of the given object. Know- 
ing the shade lines, the light and shaded j»ortions of the object can 
now he detei-inined, since these are separated by the shade lines. 

In „ i„->hl.;„ vf fhlx i-a.'l .■.,.;■ Hh..„hl l.v t.d:„ h. l.tt.r .;■ 
iiniiihvr t/ii: €dii<-s of ih.- -jhu'ii ohj.-.-t. 

4-t, The edges of the polyhedron shown in yig, 20 are ah, 
h; r.l, ,h>, m- and hi. 

Cast tile shadows of each of these straight lines by the method 
shown in Problem II. 

"We thus obtain a jiolygon boanded '• 

by the lines J'Sc'*, (;'*«'■■% fl^'i'", and 
tliis])olygon is the sliadowof the given 
solid. 

The lines which cast these lines of 
shadow, Ifh-^*, c''Hi^^, and ii'^^b"^ are 
therefoiv the shade lines of the object, 
and, therefore, the face uhv is in light 
and the faces ahl, h'-'f and acd are 
in shade. '■ 

The shadows of the edges hil, di\ and 
(111 falling within the polygon, indi- 
cate that' they are not shade lines of 
the given object, and, therefore, they 
separate two faces in shade or two 
faces in light. In this e^^ample M 
and ril separate two dark faces. 

In architectural drawings the object usually has a sntticient 
nuuttwr of its planes perjwndicular or parallel to the co-oi-dinate 
planes, to permit its shadow being found by a simpler and more 
direct method than the one just explained. 

45. Problem V. To find the shade and shadow of a prism 
on the ccordinate planes, the faces of the prism being perpen- 
dicular or parallel to the V and H planes. 

In Fig. 21 such a jirisin is shown in plan and elevation. The 
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elevation shows it to be resting on II, and the plan shows it to be 
situated in front of V, its sides making angles with V. Since 
its top and bottom faces are parallel to H and its side faces per- 
pendicular to that plane, we can apply the projections of the rays 
of light to the plan and determine at once which of the side faces 
are in light and which in shade. The projections of the rays R' 
and K' show that the faces a hfif And ^////V receive the light directly, 
and that the two other side faces do not receive the rays of light 
and are, therefore, in shade. The edges if/ and {/I are two of 
the shade lines. H^ and K* are the projections of the rays which 
are tangent to the prism along these shade lines. 

Applying the projection R* in the elevation makes it evident 
that the top face of the prism is in light and the bottom face is in 
shade since the prism rests on H. This determines the light and 
shade of all the faces of the prism, and the other shade lines would 
therefore be le and ed. 

Casting the shadow of each of these shade lines, we obtain 
the required shadow on V and II. 

It is evident that the shadow^s of the edges bff and (H on 
H will be 45° lines since these edges are perpendicular to II (4^ 81) 
Also, their shadows on V will be parallel to the lines themselves 
since these shade lines are parallel to V. (§ 30) 

40. In general, to find the sliadow of an object whose planes 
aro parallel or perpendicular to H or V : 

(1) Apply to the object the projections of the ray of light co 
determine the liijhted and shaded faces. 

(2) These determine the shade lines. 

(8) Cast the shadows of these shade lines by the method fol- 
lowed in Problem II. 

47. Problem VI. To find the shade and shadow of one 
object on another. 

In Fig. 22 is shown in plan and elevation a prism B, resting 
on n and against V. Upon this j)rism rests a ])linth A: To find 
the shadow of the plinth on the prism and the sliadow of both on 
the co-ordinate planes. Since these objects have tbeir faces either 
perpendicular to, or parallel to, the co-ordinate planes, we can deter- 
mine itnmediately the light and shade faces and from them the 
shade lines. 
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48. Considering first the plinth A, it is evident that its top, 
left-hand and front faces will receive the light, that the lower and 
right-hand faces will be in shade. The back face resting against 
the V plane will be its own shadow on V. (§ 39) The shade lines of 
A will be, therefore, ef^^fy^ gc and al. 

Cast the shadows of these lines. A rests against V and part 
of its shadow will fall on V; also, since it rests on B the remainder 
will fall qji B. Begin with the point ^, one end of the shade line; 
this point, lying in Y, is its own shadow on Y. (§ 39). 

The line ef being perpendicular to Y, its shadow, or aa 
much of its shadow as falls on Y, will be, therefore, a 45° line 
drawn from e^. The point t^^^ in plan, shows the amount of the 
line ef which falls on Y, the rest tf falls on the side face of the 
prism, and this shadow is not visible in elevation or plan. 

The shadow of the point ^evidently falls on the edge of the 
prism at j^, see plan. This point f 
is one end of the shade liney!/, there- 
fore y is one point in the shadow of 
fg on the front face of the prism B. 
The lineyj/ being parallel to this front 
face, its shadow will be parallel to the 
line, therefore from the pointy^ we 
draw the horizontal line f^f\^. 

If from the point r^ we draw the 
projection of a ray of light back to 
the shade WnQf^'g^ we determine the 
amount of the line casting a shadow 
on the front face of B, that is to say, the 

tlistance j^/'^. The shadow of the remainder, r^g^^ falls beyond the 
prism on the Y plane, and is evidently the line r^^g''^ Thus 
the shadow of the shade line from e to g has been determined. 

The next portion of the shade line, r/r, is a vertical line and 
we have already obtained the shadow of the end g. Since it is a 
vertical line its shadow on Y will be vertical and equal in length. 
Therefore draw g^^'c^''. 

There remains now only the edge, r^7, of which to cast the 
shadow. The end d beino- in the Y plane must be its own shadow 




on that plane. (§ 30) AVe have already found the shadow of the 
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otliiT end r, at c"'. Tlierefnro (7'<'^^ is tlie sliadow of i7i: and 
completes the outline o£ the shadow of the plinth. 

It will be noted that rf^'t" is a 4.)'' line, whidi -houM be 
expected Bine* the edge do is perpendicular to Y. 

4!). Considering next the prism B, we find by applying the 
projections of the raya of light to the plan, that the front and 
]eft-han<l faces are in light, and that the right-hand face is in 
shade. Therefore the only shade line in this case is the edge 
mn. Tlie upjjer part of this, jif/-^^ is in the shade of the 
plinth and therefore cannot cast any shadow. 



It is to be noted that the ray of ligiit from the point r' in the 
plinth A passes through the point *',^ in the bIiikIb line of the 
prism B. In finding the shadow of this ])oint at '/■'"'* we therefore 
hare foimd the shadow also of one end of the shade line«r. 
Since iir is vertical, its Bhad(>w will he vertical on V. Tliere- 
fore draw r^'u-"^. This line completes the shadow of the tHO objeeis 
npon the V plane. 
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From tlie point of shadow 'm^'^ draw the V projection of the 
ray hack to the line //^/•,•^ This shows how much of the total 
line 7ir falls iij)on V, and how much upon II. 

The shadow on 11 of the portion '?nn \y\\\ be a 45^ line since 
nw is per])endicular to II. The point n being in the II plane 
Is its own shadow on that plane. 

It is to be noted that the point 'tr^^ is on the perpendicular 
directly below v:"^^. 

50. Problem VII. To find the shade and shadow of a pedestal. 

Fig. 23 shows the plan and elevation of a pedestal resting on 
the ground and against a vertical wall. This is an application of 
the preceding problem in finding the shades and shadows of one 
object upon another. The profile of the cornice moulding on 
the left, at A, can be used as a profile projection in finding the 
shadow^s of those mouldings on themselves and upon the front face 
B, of the pedestal. By drawing the })rofile projections of the rays 
tangent to this profile of mouldings, it will be seen what edges are 
shade lines and where their shadows will fall on the surface of B. 
The line r/^t^ can be assumed to be the j)rofile projection of the 
front face of B, and being a line is used as the (jrofoul line for 
finding the shadow on B. As this collection of mouldings is 
parallel to the V plane tlieir shades and shadows will be parallel 
in the elevation. Otherwise the shadows of this pedestal are found 
in a manner similar to the preceding problem. 

51. Problem VIII. To find the shadow of a chimney on a 
sloping roof. 

Fig. 23a shows in elevation and side elevation the chimney 
and roof. The chimney itself being made up of prisms with their 
planes parallel or perpendicular to the V plane, its light and shade 
faces can be determined at once, as in Problem V. It will be 
evident from the figure that the top, front, and left-hand faces of 
the chimney in elevation will be in light. The remaining faces 
will be in shade, and the shade lines will be therefore, y^/, on the 
back, dry ch^ and J./'. Not all of hn and yd will cast shadows 
for the shadow of tlie flat band, running around the upper j)art of 
the chimney, will cause a portion of these two lines yd and h,c 
to be in shadow and such portions cannot cast any shadow^s. (See 
Problem VI — the shadow of one object upon another.) 
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It is evident that, to find the shadow of the shade line of tbo 
chimney upon tlie sloping roof, ire iiiuHt have fi^r a (jround line 
a projection of the t^off which is a line. The roof in elevation 
is projected as a plane, but the side elevation (or in other words 
the profile projection) shows the roof projected as a line in the 
line h^</\ This line will be then the ground line for finding 
the shadow of any point in the chimney on the roof. For example, 
take the j)oint h. If we draw the profile projection of the ray 
through the ])oint Jp until it intei'sects the ground line /f^y^, and 
draw from this point of intersection a horizontal line across until 
it intersects the vertical projection of the ray drawn through J^, this 
last point of intersection J^, will be the shadow of h upon the roof. 

In a similar manner the shadow of any point or line in the 
chimney can be found on the roof. 



FIG*23eL & 
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Before completing the shadow of the chimney upon the roof 
let us consider the shadow of the flat band on the main part of the 
chimney. This band projects the same amount on all sides. On 
the left-hand and front faces it will cast a shadow on the chimney 
proper. Only the shadow on the front face will be visible in 
elevation. To find this, draw the profile projection of the ray 
through the j)oint q^ until it intersects the line a^v^^ the profile 
projection of the front face. From this point y,P draw a horizontal 
line across until it meets the vertical j)rojection- of the ray drawn 
through //^. From y^, the shadow of fj'^io^ on the front face will 
be parallel to fj^'iC^, for that line is jjarallel to that face; therefore 
draw y/^j^. 



184 



SHADES AND SHADOWS 1'-' 



Kow that the visible shadows on the chimney itself have been 
determined, its shadow on the roof can be found as explained in 
the first part of this problem. A portion of the shade line of the 
flat band, ^^/r^, vr^;/"^, etc., falls beyond the chimney on the roof, 

as shown by tlie line z^ic^^ w^n^y etc. 

52. It is to be noted in the shadow on the roof that: 

(a) The shadows of the vertical edges of the chimney make 
amjles irlth a horizontal line equal to the arujle of the slope of 
the roof (in this case 60^^). 

(b) The horizontal edges which are parallel to V cast 
shadows which are jxfrallel to these same edges in the chimney. 

(c) The horizontal edges which are perpendicular to V cast 
shadows which in<(ke anghs of 45^ vlth a horizontal line, 

53. The above method would also be used in finding shad- 
ows on sloping surfaces when tlieobjects are given in elevation and 
side elevation, as, for example, a dormer window. 

54. Problem IX. To find the shades and shadows of a 
hand rail on a flis:ht of steps and on the s:round. 

Fig. 24 shows the plan and elevation of a flight of four steps 
situated in front of a vertical wall, with a solid hand rail on either 
side, the hand rails being terminated by rectangular posts. At a 
smaller scale is shown a section through the steps and the slope of 
the hand rail. 

This problem amounts to finding the shadow of a broken line, 
that is to say, the shade line, on a series of planes. Each of the 
planes recjuires its own ground line, which in the case of each plane 
will be tliat projection of the plane which is a line. Since the 
planes of the steps and rails, with one exception, are all parallel 
or perj)endicular to the co-ordinate planes we can determine at 
once what planes are in light and what in shadow and ^hus deter- 
mine the shade line. 

55. An inspection of the figure will make it evident that the 
'•treads'' of the ste])s, A, B, C\ I) and the '' risers," M, N, O, P are 
all in liijht. Of the hand rail it will be evident also that the left- 
hand face, the top, and the front face of the post are in light. The 
remaining faces are in shade. This is true of both rails; there- 
fore, in oiie case we must find the shadow of a broken line, ah«'ihf 
on the vertical wall and on the steps, and then find the shadow of 
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the broken liiu' iniiiipijr on the vertit-al wiill iiiid on the ground. 

5(i. Beginning with the sliadow of tlie Icft-liand rail, the 
shadow of the jioint a on the wall is evidently "", BJnce it lies in 
the J)lane of the Vfi-tioal wall (^ ;('.') 

The line <ih is ]>er[)eiidii.rnlar to V hence its shadow will be a 



45^ line, the point h"^ being found by Problem I, The shadow 
of J'-, the sloping jjart of the rail, will fall jMirtJy on the vertical 
wall and partly on the treada and risers, AVe have already found 
the shadow of the end I on V in the point t". The (shadow of c 
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on V, found by Problem I will be r^'^. The portion />'''*</^''^ is the 
part of the shadow of this line hr that actually falls on the wall, 
the steps preventing the rest of the line from falUnir on \. 

The line of shadow now leaves the vertical wall at the point 
(j^^^ directly below y^'^ The (/r(HnHl line ior finding the shadow 
on this upper tread will evidently be the line A% since t/i(ft line 
is the ^»vyVr^^>;^ of th/iH tread which is a I'nic, The horizontal 
projection of the tread is a plane between the lines a^ni^ and 
If^n^. We have now determined our GL and we also have one 
point, (j^^ in the required shadow on the U])per tread A. It re- 
mains to find the shadow of the end c on A. Draw the projection 
of the ray through c^ until it meets the line A^', drop a perj)en- 
dicular until it intersects the projection of the ray drawn through 
6*' at the point c®^. The point 6'*^ lies on the plane A extended. 
Draw the line g^^-^"^. The portion y^^h^ is the part actually 

falling on the tread A. 

From this point /^,the shadow' leaves tread A and falls on the 
upj)er riser M. The shadow will now show in elevation and begin 
at the point 7/™^ directly above the point h^"^. 

We now determine a new(/rou?i(l line s^nd it will he that j>?v)' 
jertiou of the tipper riser JJ/, which is a line. The vertical ])ro- 
jection of M is a plane surface between the lines A^ and B^. The 
H j)rojection of the riser M is the line M^, therefore this is our 
GL, and w^e find the shadow on M in a manner similar to the find- 
ing of the shadow on A, just explained. Bear in mind that we 
have one point//™'*, already found in this required shadow on M. 

In a like manner the shadow of the remainder of the shade 
line is found until the pointy is reached, which is its own shadow 
on the ground. (3i)) 

57. It is to be noted that, since the plane of the vertical 

wall and the planes of the risers are all parallel, the shadows on 

tliese surfaces of the same line are all parallel. For a similar reason, 
the shadows of the same line on the treads and ground will be paral- 
lel. This fact serves as a check as to the correctness of the shadow% 
Also note in the plan that the shadow of the vertical edge ef 
of the post is a continuous 45Mine on the ground, the lower tread 

D, and on the next tread C, above. While this line of shad mo 
on the object is of course in reality a hrolcen line, it appears in 
horhonfa I projection on plan as a contlnaoHf< line. 
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Tlie Bliadow of llie shadts line of the rif^ht-hand rail is eiiuply 
Old slmilciw (if !i broken line on the co-ordinate planes, and requires 
no detaile<l explanation. 

T)^. problem X. To find the shade and shadow of a cone. 

The findirii;; of the shadow of a cone is, in ijeneral, similar to 
findini^ tlio shadow of tiie polyhedron none of whose planes are 
()er£)eiidi(;ular or parallel to tlie co-ordinate planer. 

It in inijiossihle to determine at the Iieginninj^, tlie shade ele- 
ments of the cone whoso shadows give the shallow of the cone, and ' 
we first iind the shadow of the cone itself and fnini that determine 
its shade elements: that is to say 
wo reverse the usual process in 
determining the shadow of an 
ohject. 

Gil. Fig. 25 shows, in elevation 

and plan, a cone whose ajiex is « 

and whose base is J-v/i', etc. The 

axis is perjiendicnlar to II and the 

cone is so situated that its sliadow 

fall's entirely on the V plane. 

(lO. It is evident that the shad- 

J ow of the cone must contain the 

shadow of its base and also the 

shadow of its ajiex. Therefore, 

if wo find the sliadow of its a]>eX 

by Problem I, and then find the 

shadow of its base hy Problem 

III and draw straight lines from 

the shadow of the aj>ex tangent to the sliadow of tlie base, the 

ivsnlting fifrure will l>e the retjuired shadow of the cone. 

(il. This has been done in P'ig. "^o, In which </'^ is the 
sliadow of the apex n. The ellipse J^'t-"'/'"', etc., is the shadow of 
the base, fonnd by assuming a sufiicient number of jioiiits in the 
jierinieter of the base and finding their shadows. The ellipse 
drawn through these points of shadow is evidently the shadow of 
the biise. From the point «'* the straight lines '("■«'" and ii'"x^^ 
were dniwn t«n.i.?'nt to the ell ipse of the shadow. Tliis determined 
the shadow on V of the cone. The lines if^s"'* and a^'-j:'"' ar» 
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the shadows of the Hlimle I'li'iuents of tiin corif. It ri'inaiiiB to de- 
tf niiiiif tliesu in thu cone itst'lf. Any point in tlie |»i'rinieter of 
the shadow of the Imw niiiHt liave ii cor rcn pond iTtir poijit in tho 
jjeiiini'ter of tlio h.-iso of the cone, and t\us can lio deterniiiifd hy 
drawing from tiie jioiat in tlie shadow the projection of the ray back 
to the perimeter of the hase. Therefore if we draw 4r)''-liriea from 
the point :/■'''' and «'■" hack to the line Cm'' in tlie elevation, we 
determine the jtoints j" and .>■'. . The lines drawn from tlieee points 
to the a|)ex W are tlio aliade elements of the cone. Tbey can W 
determined in plan liy projection from the elevation. The cross- 
hatched [(ortion of tlie cone indicates 
its shade. It will \ie ohserved that 
but little of it is visihle in elevation. 

62. ^Tien the plane of the base of 
the cone is parallel to the plane on 
which the shadow falls, as in Fij^. 2f), 
the work of tiiKliiifj its shade and shad- 
ow is materially nnluccd, for the shad- 
ow of the base Ciin then he found by 
findiiiff the shadow of the center // of 
the base and drawiiifj a circje of the 
same radins, (See Fif^. 19) 

63. In general, to find the shadow 
of any cone, find the shadow of its 
apex, then the sliadow of its base, draw 
straifiht lines from the former, tang 
ent to the latter. Care shonld lie 

taken, however, that both the shadow of the apex and the Blia(h>w 
of the base are fonnd on the same jilaiie. 

04, It is to l>e note<l that in a cone whose elements make an 
angle of 3S'-15'-h2" <"' A-.w, that is, making the true angle of the 
ray of light or less, with the co-ordinate plane, the shadow of the 
aj)ex will fall within the shadow of tlte base, and, therefon*, the ■ 
cone will have no shade on its conical siirface. 

65. Problem XL To find the shade and shadow of a right 
cylinder. 

In Fig. 27 is shown the plan and elevation of a right cylinder 
resting on 11. The rays of .light will evidently strike the top of 
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tliH fvlincifr ami tlii' <'ylinflricHl siirfni'i'sliowii in tlio jilan IvIwefTi 
the ]x>ints fi*^ ami '/''. At these points, tlio ])roje<'fioiis of tliy ray 
of light aiv tangent, aii<l tliese jmints in jilaii dettrinine tlie sliade 
elenifiits of the cyliiiJer in, elevation. These shade elements, 
a'J' and c'fA, are the lines uf tangency of planes of light tangent - 
to the cylinder. The shadow of these lines (fh and <■(/, together 
with the shadow of the arc fi^/!/, etc., of the top of the cylinder, 
form the complete shadow of the cylinder. 

Since fi^i and t-d are perpendicular to 11, as much of their 
shadow as falls upon the 11 plane will I>e 45 ' lines drawn from b^ 
and 'f*' respectively. In one case the amount is the line »'A', in 
the other /(V'. The remainder of the lines will fall U[K)n V and 
this is found hy Problem II. Thewe shadows on V will evidently 
be iiarallel to ""n^ and '■"/'. 

The shadow of the shade line 
•"■ft/, etc., on V will be found 
by Problem II. (§ 8^) 

Ofi. If the cylinder had been 
placed so that the whole of its 
shadow fell iij>on II, the shadow 
(if the shade li ne of the top would 
have lieen found by finding the . 
^ shadow of the center of the circle 

and drawing aciivleof the same 
ratlius, since the [)lane of the top 
is parallel to 11, t^ HH) 

l>7. Problem XII. To find 
the shade and shadow of an 
oblique cylinder. 

In I'ig. 28 is shown the |ilan 
"^ and elevation of an obi i<]iie cylin- 

der whose vertical section is a circle. 

08. Unlike the right cyliud'er we cannot apply to the plan 
or elevation the pnijectioiis of the ray and determine at once the 
location of the shade elements. To find the shadow of an oblique 
cylinder we proceed in a manner similar to finding the shade and 
shadow of a cone; that is, we find first the shadow of the cylinder 
and from that shadow determine the shade elements. 
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(')',}. Ill Fig, 28 the top and base of the oblique cylinder bave 
been assiiuied, for convenience, parallel to one of tbe co-ordinate 
planes. Tlie shadow of the cylinder will contain tbe shadows of 
the top and base, hence if we find their shadows and draw straight 
lines tangent to these shadows, we shall obtain the required shadow 
of the cylinder. 

70. In Kig. 2S, the to[) and bottom l)eing circles, the shadows 
of their centers a and // are found at «"* and A™, and circles of the 
same radius ai-o drawn. Then the lines /yt"»" and tf"j)" are 



drawn ta.igfnttothesecircli's. Tbe resultingfigure Is the riM[Tiircd 
shadow wiiolly ou V, Pnijectionsof the rayai-e then dniwn back 
from -m^, »", »™ and ■/>"■" reajiectively to the jierimeter of tbe top 
and base. Tbeir points of intersection m^, n'', "" mui ji", am the 
ends of the shade elements in the elevation. They can be found 
in plan liy projection. An iiisj>ection of the figure will make it 
evident what [K>rtion8 of tbe cylindrical surface between these 
shade eletiients will Iw light and what in shade. 

Tl, In this jirobleiH it will be seen that the shadow doi^a not 
fall \vhollvu]M>n V. Tbe shadow leaves Vat the points ,<-™ and y" 
and wiUVvi.b.ntlv begin on II at ].oints .liivctly below, as .i-^' 
and ,/l■^ 
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If projections of the ray are drawn back to the object in plan 
and elevation from these points, ir^^, y^-'*, ;A^, and y^% they will 
determine the portion of the shade line which casts its shadow on 
ir. It is evident that in this particular object it is that portion 
of the shade line of the top between the points p and // and the 
]K)rtion xj)^ of one of the' shade elements. The shadows of these 
lines are found on H by Problem II. 

USE OF AUXILIARY PLANES. 
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In finding shadows on some of the double-curved sur- 
faces of revolution, such as the surface of the spherical hollow, 
the scotia and the torus, we can make use of auxiliary planes to 

advantage, ivhen the plane (yf 
the line whose sheuhno is to le 
cast is parallel to one of ths 
co-ordinate 2>f<^ffcs, 

78. Problem XIII. To find 
the shadow in a spherical hol- 
low. 

Fitr. 2i> sliows in plan and 
elevation a spherical hollow 
whose plane has been assumed 
parallel to Y. 

Applyintr.to the elevation, 
the projections of the ray R, 
we determine the amount of the 
edw of the hollow which will 
cast a shadow on the sj)herical 
surface inside. The points of 
tanjnrencv a""' and h^ are the lim- 
its of this shade line <^V^/y\ The remainino; ])ortion of the line 
^/^V/^7/^ is not a shade line since tlie lit^lit would reach the sj)herical 
suiface adjacent to it and also reach the ])huie surface on the other 
side of ^^^V/^V;^. out side the spherical hollow. 

We must now cast the shadow of the line <^^r^//' on tlie sj)her- 
ical surface of the hollow, and having no ground line, (since neither 
i.ie y nor the 11 projection of tlie sphericnl hollow is a line,) we 
use auxiliary planes. 

If we pass through the spherical liollow, ])arallel to the plane 
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of the line "•■}> (in this case parallel to V) an auxiliary plsne P, 
it will cut on the spherical surface a line of intersection y/; in 
elevation this will show as a circle jc^y', whose diameter is ()b- 
tained from tiie line x'^y^ in the plan. This line of intersection 
will show iu plan as a straight line, x^i/^. 

Cast the shadow of the line ("■}> on this auxiliary plane P. 
This is not difficnlt becanse the plans P was asanint-d parallel to 
ffrS, and ill this p.trtienlar case, «'c^i' is the arc of a circle. To 
cast its shadow on P it is only necessary to c;ist the shadow of its 
center o'', using the line P as a ground line and to draw an are of 
same length and radios. 
We thus obtain the arc 
ap^cp^i,"^. Tliis is theshad- 
ow of the shade line of the 
object on the auxiliary 
plane P. It will be noted 
that this shadow aP^c^hi^ 
crossed the line of inter- 
section, made by P with the 
s[)herical surface, at the two 
points wiP and vf. In plan 
these jH>ints would be vi^ 
and ii^ which are two points 
in the required shadow on 
the spherical surface fur 
they are the shadows of two 
points in the shade line 
ifi-h and they are also on 
tlio surface of the spberieal 
hollow since they are on this 
line of iiitt-rseclion ./■// 
which lies in that spherical 
surfaee. AV'ith one auxil- 
iary plane we thus obtain two [xiints in the shadow of the hollow. 

In Fig. iif) a number of auxiliary planes have U-en u^ed tonlitain 
II sufficient iiumi.er of |ioiii[s. 1. 2, 3, 4. etc.. of the ^liad.nv. U> wiir- 
raiit its outline being in elevation and plan willi accuracv. The 
hbiuhiw in plan la determined by projection from the shadow in 
elevation, which is found first. 
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74. The separate and successive steps in this method of 
determining the shadow of an object by the use of auxiliary planes 
are as follows: 

1. Determine the shade line by applying to the object the 
projections of the ray of light. 

2. Pass the auxiliary planes through the object parallel to 
the plane of the shade line. 

3. Find the line of intersection which each auxiliary plane 
makes with the object. 

4. Cast the shadow of the shade line on each of the auxiliary 
planes. 

5. Determine the point or points where the shadow on each 
auxiliary ])lane crosses the line of intersection made by that plane 
with the object. 

(). Draw a line through these points to obtain the required 
shadow. 

75. Problem XIV. To find the shadow on the surface of a 
scotia« 

This problem is similar in method and ])rinciple to that for 
finding the shadow of a spherical hollow. Neither the II or V pro- 
jection of the surface of the scotiais a line, and we therefore must 
resort to some method other than that generally used. The follow- 
ing is the most accurate and convenient although the shadow can 
be found by a method to be explained in the next problem. 

70. As in any problem in shades and shadows, the first step 
is to determine the shade line. 

The scotia is bounded above and below by fillets which are 
portions of right cylinders. The shadow of the scotia is formed 
by the shadow of the upper fillet or right cylinder upon the sur- 
face of the scotia. "We determine the shade lines of the cylinder, 
Problem XI, by applying to the plan the projections of the ray, 
Fig. 31. These determine the shade elements at x^ and //* and 
also the portion of the perimeter of the fillet, w^a^y^y which is 
to cast the shadow on the scotia. 

In this case, as in most scotias, the shadow of the sliade ele- 
ments of the cylinder falls not on the scotia itself, but beyond on 
the II or V plane, or some other object, hence we can neglect them 
for the present. 
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Having determined the shade line, there is another prelim- 
inary step to be taken before finding its shadow. That is, to deter- 
mine the highest point in the shadow a^'^ We do this to know 
where it is useless to pass auxiliary planes throuc^h the scotia. 
Such planes would evidently be useless between tlie j)oint //^-^ and 
the shade line a?^a^y^ in elevation. Also because we could not 
be sure that in passing the auxiliary ])lanes we were jjassiug a 
plane which would determine this highest point. 

The highest point of shad- 
ow (f^^ is determined, there- 
. fore, as follows: 

The point a^, lyiJig on the 
diagonal Yo^ is evidently 
the ])oint in the shade line 
which will cast the highest 
point in the shadow, for, con- 
sidering points in the shade 
line on either side of fi^y it 
will become evident that the 
rays through them must in* 
tersect the Bcotia surface at 
points lower down than the 
point a"^. 

The point a lies in a plane 
of light P, which passes 
through the axis oh of the 
scotia. This plane, therefore, 
cuts out of the scotia surface 
a line of intersection exactly like the profile a^c"^. If wj revolve 
the plane P and its line of intersection about the axis oh until 
it is parallel to Y, the line of intersection will then coincide with 
this profile tfV^, the point a^ having moved to the point a'"*'. 

Tf, before revolving, we had drawn the projections of tlie ray 
of light, li^', through the point (/^\ they would be the lines t/^h" 
and ff^^/^\ After the revolution of the plane P these ])rojections 
of the ray are the lint^s a'^h^ and f /*'//'. The point //, being iit 
the axis, does not move in the revolution of the ]))ane P. TIm 
point ^/'% the intersection of the projection of the ray li'^ with 
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the profile '/'(*, indicalea that tlie riay H'' liaa pierced the scotia 
Burface. If now tbe plane P is revolved back to ita original posi- 
tioD, thia point a'''^ will move in a horizontal line in elevation to 
the point «'% and the point '/'''' thus obtained is the sliadow of the. 
point 'I* on the surface oF the scutia and is aUo the highest point 
of the shadow. 

FIG- 32 



77. Tlio remainder of the process is, from now on, similar 
to the method jni^t exjilaiiu'd in the jimvioiis jirobleni. See Fig. 32. 

We pfisa aiixiliaiy planes, A, B, (', etc., (in tins case parallel 
to II) thronghtho Bi-utia. 

We delennine in ])liiii tbeir respei'tivo lines of intersection 
with the scotia: they will Iw ciivle^. 

Cast the shadow of tbe arc ,'■''"''//*' on ciu-b of these anxiliary 
planes. Tliis is done by castiui; fhi; shadow of its center () and 
drawing arcs eijnal to .!■'••/*' i/^\ 
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The points ot intersection, 2*', 3*", i\ 5*", <i\ etc., are points 
in tlie required shadow in plan. The points l*" and lO*" are the ends, 
where tbe sha<low leaves the wotia, and these are determined by tak- 
ing one of the auxiliary planes at the line IIN. The points 1% 2% 
3", etc., are obtained in the elevation by projection from the plan. 
The shade of the lower fillet is determined by Pn)bleni XL 
7H. In case th^flllets are conical instead of cylindrical aiir. 
faces, as is sometimes the case 
in tbe bases of cobiinns where 
the scotia moulding is most 
commonly found, eai-o must 
lie taken to first determine th« 
shade elements of the conical 
surface. This supposition of 
conical surfaces would mean 
a larger are for the shade line 
than the arc j-''f/''y''. 

USE OF PLANES OF LIOHT 

PERPENDICULAR TO 

THE CO-ORDINATE 

PLANES. 

'70. Another method often 
necessary and convenient in 
casting the shadows of double- 
curved surfaces is the use of 

f„ th' rii-i;-'lhlilf,- Jjloil'-t. 

These anxiliary planes of 
light are ])assed through the 
given object. They will cut 

out lines of intei'section with the obje<'t and to tbefie lines of inter- 
section can he applied the projections of the rays of light which lie 
in the auxiliary ]>lanes of light. The jKiintsof contactor tangency, 
as the case may lie, of the projectioiiH of the rays and the line of 
intersection am jioints in the it'ipiii'e<l shmlow. 

St). The use of this uiothod will be illustnttcd by finding 
the shadow oF a s]ihere in the fullowing pmhleni. The shadow of 
the sphere serves *o illustrate this iiietho*.! well, hut a more accnr- 
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ate and convenient method \b given later in Problem XXIX for 
determining the shade line of the sphere and ita shadow. 
81. Problem XV. To find the shade line of a sphere. 

In Fig. 33 13 shown the plan and elevation of a sphere. 

Through the sphere in plan, pass the auxiliary ^'/'/w>? iif Hi/lit P, 

per|)endicular to H. Thia cuts out of the sphere th« "line of in- 

tereeetion," shown in the elevation. Tliis "lino of intersection" is 

determined by using the auxiliary planes A, B, V, Y>, etc., each 

plan© giving two jtointa in the line. To this line of intersection 

Ftf'^lA niade hy tho j)I'ino of Ihjht 

P, with the sphere, we apply 

the pro jet'tions of the ray and 

obtain two points, '■i-^'j", in 

therequiredshadeline. Other 

jwinta can be deteniiined by 

using a number of these 

planes of light, as shown in 

l-'ig. ,^4, P, Q,EandS. 

The points o"' and if can be 
projected to the plan to deter- 
mine the shade line there. 
The ends of the major axis 
of the elli|)se «' and h'' are de- 
termined by applying directly 
i to the sjihere the projections 
of the ray. The same is true 
of the plan. 

82. •Problem XVI. To 
find the shadow of pediment 
mouldings. 

Fig. y5 shows a series of 
pediment mouldings in elevation, the mouldings being supposed to 
extend to the left and riglit indefinitely. At the left isa "Kight Sec- 
tion," showing the profile of each moulding forming the jR-diment. 
Tlie shadow of such an object can l>e most conveniently found 
by the use of a jilane of light j>er]iendicnlar to the V plane and 
intersecliiig the monldingti, 
"Option a'. 
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If BUfh a '■ Pkii« of Liglit " ^45' lirn'l hh lliat Hluiwri in Fijf. H') 
is passed through the mould i tigs, it will 1k^ evident Ihiit this plant; 
will cut the iitoiildingH aloiif^ a line of iiitfisection wliicb can Iw 
made use of in deteriniiiing the shadow of eacii moulding upon tlie 
others. If wo find the profile projection of this line of iiitersec- 
tioa using the right section, we can apply the profile jirojections 
of rays of light to the line of intersection. It will then he 
evident what faces the light strikes directly and to what edges the 
rays are tangent. 

The line of intf rsection in Fig, 35 made hy the Plane of Light 



is shown in verticjil projection by the 45" line f/'A'e''/', etc, Tlie 
pi-otile 11" li"!-':/!'^ etc., is the profile proJLH:tion of this line of intersec- 
tion; the point />'' is evidently on a horizontal line to the left of 
the jioint "' at a distance from the line V" {jinip'li' jinijiHiini 
"f 1 ) e(|UHl to "'//, ol)tained from the liiijlit Sniion. In the 
same way the }K)int '■" is on a horizontal line to the left of *■' iijid 
at a distance from the line V'' equal to the distance I'j' also oh- 
taineil from the liiijlit S'-ftioii, In a similar manner the other 
points in the profile projection are fonnd. The vvrtical line i'v* 
is the profile jirojeclion of the line of intersection which the Plane 
of Light makes with the fillet, this line in direct elevation is />''■'. 
It we now apj)ly to this profile projection of the line of inter- 
section the ])roHle jirojectiona of the ray (45 lines) we see tlmt tho 
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fillet JP(P is in the light, and that the ray is tangent to its lower 
edge r»*. We also see that this tangent ray strikes the face D at 
the point /•'; this means that the shadow of the edge r falls upon 
the face D. Since the mouldings of the ])ediment are all j)arallel 
to each other, the edge r is parallel to the face D, therefore, (30) 
the shadow of c on D will be parallel to C itself. This shadow is 
found in the elevation by drawing a horizontal line from the point 
^P back to the Plan^ of LUfht, This o[)eration gives the ])oint 1^ 
and we draw through the point 1^' a line ])arallel to the edge ( •, as 
a part of the required shadow. Evidently that portion of the ele- 
vatiou between the edge C and its shadow will be in shadow. 

In a like manner the edge ^7^ is found to cast its shadow on 
the plane Y, below the pediment mouldings proper, and its shadow 
is of course a line drawn through 2^ parallel to the lines of the 
mouldings. 

To return to the shadow of the edge G on the face I>. It will 
be noticed that, if this is extended far enough, it will cross the 
pediment mouldings on the right-hand slope; as these are not 
parallel to the edge ( ', the shadow on them will not be a parallel 
line and we must use a separate, though similar, method for deter- 
mining this portion of the shadow. 

If auxiliary planes O, Q and K parallel to V are passed 
through the crowning moulding, they will cut out of it lines of 
intersection which will be parallel to the other lines of the pedi- 
ment. (See the enlarged diagram at A showing the line of inter- 
section of the auxiliary plane O.) 

If we cast the shadow of the edge on this plane (), by draw- 
ing the ^f line from ^p to the line PC) (the profile projection of 
()) and from the point 4p draw a horizontal line back to the Phtne 
(tf LujJit^ we shall obtain the line () (see '*shadow^ on PO" in dia- 
gram A). This shadow will cross the J/me of uifi'rHecfion of 
PO at the point 5^. The point 5^ will be one point in the shadow 
of the edge C (indefinitely extended) on the right-hand slope of 
the pediment. Other points, 8^ and 9% can be found in a like 
manner by use of the auxiliary planes Q and li. Through a suffi- 
cient number of these points the curve 5^9^8^ is drawn. This curve 
is the reijuired shadow. The shadow of the end of the edge G is 
found by drawing a 45' line from the point m^ (diagram A) to the 
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curve. Tlu^ point of intersection, 10^, is tlie shadow of tlie end of 
the ed^e (\ It is also tlie hetrinning of the shadow of the edge B 
on the right-hand slope, which shadow is parallel to B. 

Tlie remaining shadows of the pediment are found in the 
same manner, and may bo understood, from the diagram, without 
a detailed explanation. 

SHORT METHODS OF CONSTRUCTION. 

83. The following problems illustrate short and convenient 
methods of construction for determining the shadows of lines, sur- 
faces and solids, in the positions in which they commonly occur 
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in architectural drawin^js. These methods here workefl out with 
regard to the co-ordinate planes apply also to parallel planes. 

84. They w ill be found to be of great assistance in casting 
the shadows in architectural drawings. The latter seldom have 
the plan and elevation on the same sheet, and these methods have 
been devised to enable the shadows to be cast on the elevation 
without using construction lines on the plan or profile projection. 
Such distances as are needed and obtained from the plan, can be 
taken by the dividers and applied to the construction in the elevation. 

In castino; shadows it will be found convenient to have a tri- 
angle, one of whose angles is equal to the true angle which the ray 
of light makes with the co-ordinate plane. See Fig. 30. 'With 
such a triangle the revolved position of the ray of light can be 
drawn immediately without going through the oj)eration of revolv- 
ing the ray parallel to one of the co-ordinate planes. 

85. Problem XVII. To construct the shadow on a co-ordi* 
nate plane of a point. 
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It will Ho oil the 45° liny passing through the point and rep- 
resenting the jirojectioti of tlie ray of light on that plane. It will 
be eituatfd on the 45' lino at a distani-e from the given ])oint, 
equal to tlio diagonal of a square, the side of which is equal to the 
distance of the point from the plane. 

Given the vertical projection of the point n situated 2 inchea 
from the V plane, to construct ita shadow on V. Fig. 37. 

From the point <c draw the 45° 
degree line a^w'^ equal in length 
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to the diagonal of a square whose 
FIG'39 




sides measure 2 inches. Then «" 
is the required shadow. 

SO. Problem XVIII. To con- 
struct tiie shadow of a line perpendicular to ohe of the co-ordh 
nate planes. 

(1) It will coincide in direction with the projection of the 
ray of light upon that plane, without regard to the nature of the 
surface iqion wliidi it falls. 

F1G'41 




(2) The length of ita projection u|)on that plane will be 

equal to the diagonal of aacpiare, of which the given line is one side. 

(liveu the vertical projection of the line lOi jwr^joiidicular to 
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V, 2 iticLfS lon^ 

XVI r. 

From tlm ]> 
onal of a fiiiiiiutj 



irid A iiicli fnmi V, to construct its sLadow on 
Kiiitl tlif Bliadow of tLu ]ioiiit "' l>y Problem 



•i"" draw tlio 4-')'' line w^'^J" equal to tbe diag- 
icIu'B oil eacli side. 
Problem XIX. To construct the shadow of a line on a 
plane to which It Is parallel. 

(^1) It will be parallel 
■to tbe projection of the 
given line. 



(2) It will bo etjual in 




FIG-4A 



length to tile jirojeetlOU of 
the line. 

Given the vertieal pro- 
jection of thy line (///, par- 
allel to V, 3 inches in 
length and J inch fr<nn V, 
to construct ita eliadow on 
V. y.-e Fig. ;{1). 

Find the shadow of a* 
by Problem XVlt. 

Draw 'C^J'" parallel and 
equal in length (f'i". 

87. Problem XX. To 
construct the shadow of a 
vertical line on an In* 
dined plane parallel to 
the ground line. 

It makes an angle with 
the horizontal e(iual to the 
angle which the given piano makes with IL 

Given the vertical projection of a vertical line ti?i, ita lower 
end resting on a jilane parallel to the ground line and making an 
angle of 30'' with II, to construct its shadow on this inclined jilane. 
See Fig. 40. Throngh the point h' draw the iHY line I>''o^\ Tlie 
jHjint K^*, the end of the shadow, is determined by the intersection 
of the 45^ line drawn through the end of the line n', 

SS. Problem XXI. To construct the shadow on a co-ordi- 
nate plane of a plane which is parallel to it. 
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(1) It will Ih' of tlie same foiirt afl that of the given Biirface. 

(2) It will Iw of the ■aiiio area. 

If the plana Biirface is a cii-cle, tile eliadow can he found by 
finding the ghadow of its centtr^hy Problem XVII, and with that 
as a center describing a circle of the same radins as the given circle. 

Given a plane parallel to V, i inch from V and lA inches 
square, to construct its shadow on V. See Fig. 41. 

Find the shadow of any poi lit «' for example, by Problem 
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XVII. On that point of the shadow oonstnift a similar sqimn' 
whose sidti equals 1^ inches. 

80. Problem XXII. To construct the shadow on V of a 
circular plane which is parallel to H, or which lies In a profile 
plane. 

Given //'""i^ the projection of a circular plane perpendicular 
to V and H, 2 inches in diameter, its center beinir 2^ inches from 
V, to conetruct the sliadow on V. Fig. 42. The shadow of w', 
the center of the circular plane is fonnd by Problem XVII. About 
«"* as a center, construct the panillelowram ABC!) made up of 
the two ri^ht triangles ADB and PHC, the flides adjacent to the 
right angles being equal in length to the diameter, 2 inches, of 
the circular plane. Draw thediaraeters and diagonals of this par- 
allelogram. The diameter TW" is equal to tlie diameter of the 
given circle and parallel to it. 

With 0" as a center and OD and OB as radii, describe the 
arcs cutting the major diameter of the piirallelogram in the points 
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E aud ¥. Tlirougli E and F draw lines parallel to tLe sliort diaiii. 
eter, cutting the diagonals in the jxiinta (i, 11, M and N. These 
last four points and the fxtreniities of the diameters It, S, T, and 
W, are eight points in the ellipse which is the shadow of the given 
circular plane on V. A similar construction ia followed for find- 
ing the shadow on Y of a circular plane parallel to 11. Fig. 43. 
90. Problem XXIII. To construct the shade line of a cylin- 
der whose axis Is perpendicular or parallel to the ground line. 

Given the elevation of a cylinder, its axis being AB perpen- 
dicular to n. To construct shade lines. Fig. 44. 

Ijct CD be any horizontal line 
drawn through the cylinder. 

Construct the i^ isosceles tri- j 

angle A(tD ou the right bait of |_^ 

the diameter. /^' j "^ 

With the radius A(i describe the | 

semi-circular arc 'mii'i, cutting the aL'^ 

horizontal line ( 'D in tlie joints w ^"^ ^ 

and n. I 

These two points will determine 
the shade elements vi" aud iijk \ 

91. Problem XXIV. To con- J 

struct the shadow on a plane ^ — ^ B 

{parallel to its axis) of a circular 

cylinder whose axis is either perpendicular, or parallel to the 

ground line. 

Lt-t (' -^the distance, in the elevation, between the jtrojection 
of the axis of the cylinder and the projection of the visible shade 
element. Let l> -the distance betwM'n the axis of the cylinder 
and the plane on which the shadow falls, to l>e obtained from the 
]ihin. 

Then the distance, between the visible shade element and its 
shadow on the given plane, will be equal to if-\-/>. 

Tlie width of the shadow on the given plane will be equal to4a. 
Given the circular cylinder CDEF (Fig. 4.j], its axis AB per- 
pendicular to II. To construct its shadow on the V plane which 
is lA inclies distant from the axis AB. The shade elements mo 
and -iij> can be constructed by Problem XXIII. Draw ItS the 
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shadow of tlie ahade element up, parallel to ^iji, and distant from 

it « + 1^ inches. The width of the shadow on the j^iven plane will 

_,,_ . _ be 4 times the distance 

rIG'45 , 

Aw. 

92. Problem XXV. 
Toconstructthe shadow 
on a right cylinder of a 
horizontal line. 

a. It will ljt> the arc 
of a circle of the same 
radius as that of the cyl- 
inder, 

I). The center of the 
circle will be on tlie axis 
of tlic cylinder as far lie- 
low the ^iven line as that 
line is in front of the 



(TJven a rifjlit circular 
cylinder CDEF, whose diameter is \\ inches, and a horizontal line 
«//, Ij inches in front of the axis of the cyliuder. To construct 
the shadow. Fig. 46. 
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Locate the point o on tho axis 1 J inches below ■t''h\ "With 
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rt aa a center, and mdiueei^ual to | hicli deauribo tLe arc innji, the 
rapired shadow. T\r -JLfK 

il3. Problem XXVI. To con- 
struct the shadow of a verti- 
cal line on a series of mould- 
ings which are parallel to the * 
ground line. 

Tlie shadow rcjirtxhices the 
at^tiiid ]irolile uf the iiiuiildin^s. 
Given a vertiwil line •O'li^ 
which cants a shadow on the 
niuiitdin^ 51, which ia parallel 
to the fjnmnd liui', and whose 
, profile ia shown in the section 
ABC!>. TheIineW'%islinch 
in front of the fillet Ali. To 
construct its shadow, Fi<r. 47: 

Constrnct the shadow on the fillet AH, of the end of the line 
«', or any other convenient point in the line, by Problem XVII. 
From the point a^ the 
shallow of the line repro- 
"diK-ea the profile ABCD 
aiid we obtain (/"u^n^b^, 
the required shadow. 

1)4. Problem XXVII. 
To construct the shad- 
ow on the Intrados of a 
circular arch In section, 
the plane of the arch 
l>eing in profile projec- 
tion. 

Let AB (Fig. 48) be 

the "springing line" of 

the arch. ImI CD be 

the radius of the curve. 

The point F is determined by the construction used in finding 

the shade element of a cylinder. Problem XXIII. At the point 

F draw the line Gil, with an inclination to the ''horizontal" of 1 

in 2. Through the point D draw the 45' line DB. The curve of 
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tlu^ line uf Bliadow will be tangent to these twu lines at the [Htitits 
F and B. TLe required shadow is that portion of the curve hu- 
tween the lines DO and MN. 

A similar construction is used in the ease of a hollow seini- 
cyliiidiT when its axis is vertical, eScept. that the lineGH has then 
an inclination to " the horizontal " of 2 in 1. Fig. 40, 

i}o. Problem XXVIII. To construct the shadow of a spheri- 
cal hollow with the plane of its face parallel to either of the 
co-ordinate planes. 

Tlie line of shadow is a seini-ellipse. The projections of the 
rays of liijht tanfrent to tlie circle determine the major axis. The 
semi minor axis is equal to ^ the i-adins of the circle. 

Given tlie vertical projection of a spherical hollow, the plane 
of its face parallel to V. Fiff. 50, 

Determine the ends of the major axis by drawing the pro- 
jections of the rays of light tangent to the hollow. The semi- 
minor axis, c", equals j', the I'adius 
FIG-50 ,,/j Oil />'■ and <i'> coiistrtict the 

semi-ellipse, the reqiiii-eil shadow. 
Oli, Problem XXIX. To con- 
struct the shade line and shadow 
of a sphere. Fig. 5i. 

I*t the circle whose center is n 
V he the vertical jirojection of a 

sphere whose center is at a dis- 
tance r from the V plane. 

The shade line will be an ellipse. 
The major axis of this ellipse is de- 
termined by the projections of the rays of light tangent to the 
circle. The semi minor axis and two other [)oints can be deter- 
mined as follows : 

Through the points, A, o, and B, draw vertical and horizon- 
tal lines, intersectiug in the points K and 1>. 

Tlie points E and D are two points in the required shade line. 

Through the point E draw the 4o- line EF. Through the 

point F, where this line intersects the eiix;le, and the point B. draw 

the line FB. The point C, where this line FB intersects the 45' 

line through the center of the sphere, o, is the end of the semi- 
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minor axis. The shadow of the sphereon the co-ordinate plane will 
also be an ellipse. The center of this ellipse, (-% will he the shadow 
of the I'enter of tlie sphere. It will he determined liy Problem 
XVII. The ends of the major axis MN, will he on the pi-ojection of 
the ray of li^ht drawn through the centerof the sphere. The minor 
axis Pit will be a line at right angles to this through the 2>^iut f^. 
Its length will ho determioed by the projections of the rays of 



light BHand AP tangent to the circle, and is equal to the diameter 
of the sphere. The jiointa M and N, which determine the ends of 
the major axis, are the apexes of eipiilateral triangles PMTt and 
PNK, constructed on the minor axis as a base. 

97, Problem XXX. To construct the shade line of a torus. 

Fig, 52, iu elevation: The points 1 and 5 can be determined 
by drawing the projec'tions of the rays of light tangent to the ele- 
vation. Since the shade line is symmetriail on either side of the 
line MN in plan, the jntints 3 and 7 can be fonnd from 1 ajid 5, by 
drawing horizontal lines to the axis. The points 4 and 8 hi'<- 
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deterniiiieil by the conBtmction Qaed in Jinding tlie shade elements 
of a cylinder. Problem XXIII. 

The above points can be determined without the use of plan. 
FIG' 52 




Tii« highest and lowest points in the shade line, 2 and 6, can 
bi>. found only by use of plan. It is not necessary, as a rn)e, to 
di-tcrniine accurately points 2 and (i. The shade line in plan will 
■ he, approximately, an elli[)He whose center is «. The ends of the 
major axis K and S, are det«nnined by the projections of the rays 
of light tangent to the circle. Other points can he determined 
without the use of the elevation as follows: With center o, con- 
struct the plan of a s])here whose diameter equals that of the circle 
which {renei-ated the tome. Determine the shade line by Problem 
XXIX. Draw any nnnilwr of radii OE, OF, OG, etc. 

On these radii, from the points where they intersect the shade 
line of the sphere, lay off the distance RT, giving the points 
f,/'and (/. These are points on the required shade line. 
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TOWER CONVERSE MEMORIAl, LIBRARV. MALDEN. 1 
H. H. RichatdsoD, Archilect. 



Note.— Tho i)roblems are to l>e worked out on the plates actompanyinpf 
the Instruction Paper, and outlines are not to be redrawn. 
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EXAMINATION PLATES. 

98. General Directions. Plates are to be drawn in pencil. 
Show distinctly and leave all construction lines. 

Shadows are to l)e cross-hatched lightly, and their outline 
drawn with a distinct black line. 

PLATE I. 

« 

99. See directions on plate. 

PLATE II. 

100. Find the shadows of lines f/7jy etc., in Problems XIV- 
XVI. 

101. In Problem XVII find the shadow of line ff// on the 
planes A, P, and (/. 

102. In Problem XVIII find the shadow cf plane aird. 

PLATE III. 

103. See directions on plate. 

PLATE iV. 

104. See directions on plate. 

PLATE V. 

105. In Problem XXV find all the shadows on the steps 
and the shadows on the co-ordinate planes in plan and elevation. 
Letter carefully the various planes in elevation and plan. 

100. In Pr()])lem XXVI find all the sliades and shadows of 
the cylinder and its shadows on the co-ordinate ])lanes. 

PLATE VI. 

107. In Problems XXVIII and XXIX find the shades and 
shadows of objects and their shadows on the co-ordinate planes. 

lOS. In Problem XXX, (■ is a scjuare ])rojection or fillet on 
the V plane. Below this fillet and also applied to the V plane 
are j)ortions of two cylinders, I)D, which support the fillet C. 
Find the shades and shadows in elevation only. 
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PLATE VII. 

lOy. Problem XXXI, given a splierical hollow, its plane 
parallel to V, lind its shadow. 

110. Problem XXXII, given a seotia moulding, the upper 
fillet of which is the frustum of a cone, the lower fillet is a cylin- 
der. Find its shadow in elevation and plan. 

♦PLATE VIII, 

112. Problem XXXI II shows a series of pediment mould- 
ings applied to a vertical wall A. Find the shadows on the mould- 
ings and the shadows of the mouldings on the vertical plane A. 

PLATE IX. 

113. In Problem XXXIV find the shadows of a given 
window. 

11-1. In Problem XXXV find the shadows of the given key- 
block and the shadow of the keyblock on the vertical wall to which 
it is applied. Use the short methods of construction and use the 
plan only from which to take distances. 

PLATE X. 

115. Problem XXXVI. (liven the u])j)er portion of a Doric 
order, the column being engaged to the vertical wall V, see plan. 
The entablature breaks out over the column, see plan. Find all 
the shadows, using the short methods of construction and use the 
plan only to obtain required distances. 

PLATE XL 

110. Problem XXXVII. Given a rectangular niche, as 
shown by the plan, having a circular head as shown by the eleva- 
tion. Situated in the niche is a pedestal in the form of truncated 
square pyramid. This pedestal has on its four side faces projt^ctions 
as shown in the elevation and plan. On the pedestal rests a sphere. 
Find all the visible shadows in the elevation. Use the short methods 
r»f construction and u^e the plan only for determining distances. 

117. Problem XXXVIII. Given a niche in the form of a 
spherical hollow. The profile of the architrave mouldings is shown 
at A. Find all the shadows. Use the short methods of construction. 

PLATE XII. 

118. Problem XXXIX. Given the lower part of a column 
standing free from a vertical wall, and resting on a large square 
base, the base having a moulded panel in its front face. At the foot 
of the vertical wall is a series of base mouldings, the lower ones 
cutting into the side of the square base on which the column stands, 
see plan. Find all the visible shadows, using the short methods of 
construction. 
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STUDY OF THE ORDERS. 



THE ROMAN ORDERS. 

Introduction. This textbook on the Roman Orders is largely 
an adaptation and simplification of a work published in 1870, 
entitled "An Analysis of the Five Orders'' by F. Laureys, architect, 
and professor at the Royal Academy and Industrial School of 
Brussels. Professor Laureys has taken the standard orders as 
shown in the plates from the better known work by Vignola, and 
has further elaborated their system of construction. He has 
explained in detail many i^arts of the plates and orders of Vignola, 
which that authority has left vague or indeterminate, and has 
gcnierally succeeded in attaining a more distinctive tyi^e-form in the 
instances where he has chosen to devi.ite from the original. The 
three order plates from Vignola may be considered as '"key-plates" 
showing the i)roper relation of the more detailed drawings adapted 
from the elaborate system of Professor Laureys, and the proper 
assemblage of the different x)arts of the order in such a manner as 
to give a comprehensive idea of the whole. 

The included plates from Palhidio furnish alternative versions 
of each of the three ordi^rs and are valuable as showing in many 
instances the authority for the changes which Professor Laureys 
has chosen to make from Vignola. Vignola and Palladio were 
practically contem|K)ran(ious Italian architects living in the six- 
teenth century, the first — ix)ssibly better described as a thinker 
and analytic theorist — n^siding in Rome; while Palladio worked 
in the north of Italy and, either through better opxxjrtunity 
or a differing temperament, has amply proved by his practices the 
value of his works. 

It must be imderstood that these so-called Roman orders are 
not the orders used by the Classic Roman builders in any instance, 
but are versions made in this sixteenth century from the then- 
existing buildings and remains of Roman work, and each of these 
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orders w{is inteudtHl to become a ''type-form," or composite of the 
best features of thti varying ancient examples. They are, therefore, 
more distinctiv(?ly products of the Renaissance and might more 
appropriately be termed the Renaissance Classic orders, but in 
contradistinction to the still earlier and radically different 
creations of artistic Greek workmen, these examples are known as 
the Roman orders. Indeed, however much they may differ in 
detail from the Roman originals, they are carried out in as close 
an approximation to the spirit of Roman work as would be possible 
at any later date, but differ radically from the spirit and 
intent of the preceding Greek work, upon which the Romans had 
in turn founde<l and developed their application and use of the 
orders. 

Som(3 buildings are the logical outcome of the needs they are 
designed to serve, or of the nature of the materials used in them ; 
others have been evolved by the artistic genius of different peoples, 
and have gradually been perfected in the advance and progress of 
civilization and art. Such buildings possess an aesthetic or 
artistic character, and are the natural expression of particular 
peoples at a given stage of their civilization. 

The Greekft and the Romans, the most' cultivated nations of 
ancient times, brought their architectural forms to a very high 
degree of perfection. The destruction of ancient civilization by 
the Fall of tlie Roman Empire in the 5th century A. D. and the 
si)read of Christianity, caused the complete disappearance of Greek 
and Roman architecture during several centuries. This period is 
called the Middle Agc^s and lasted until the 15th century, but dur- 
ing this time a new civilization was developing and producing an 
architecture, which in certain countries (notably in France) 
attained a very high degree of perfection. 

In the 15th century, however, the study of ancient literature 
brought about an intellectual reaction which led both science and 
art into sympathy with Greco-Roman antiquity. Architecture 
then discarded the artistic forms of the Middle Ages and adojjted 
new forms deriv(Kl from the remains of ancient Rome. This period 
was called the Renaissance, and from it we may date the academic 
study of architecture, based on the architecture of Greece and of 
Rome To the architectural style at this time adopted as a standard 
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for study in the classroom, has been given the designation "Class- 
ical," and as the principles of classical architecture are the easiest 
to formulate and retain, it is most helpful to begin with the study 
of these. An accurate knowledge of classical architecture is 
essential to the study of all other styles. 



1. Architecture is the art of designing and constructing 
buildings. 

2. The designing of buildings consists in a graphic (or plas- 
tic) representation of their intended shapes and sizes. 

3. An architect uses mechanical drawing to express his ideas 
and to record exactly the size and shape of the object represented. 

4. In mechanical drawing, the instruments used to draw the 
straight lines ar i the curves which express the forms of objects, 
are, among others, the straight edge, triangle and compass. 

5. In general, full straight lines indicate visible edges, and 
broken or dotted lines indicate relations of different parts, such 
as the axis or center-line of a street or building or the distance 
covered by a figured meas- 
urement. 

6. Horizontal lines are 
drawn along a T-square 
whose head rests against the 
l(»ft side of a drawing board. 
V(»rtical and sloping lines are 
drawn against a triangle rest- 
ing against the T-square. 
(Fig. 1). 

7. Two horizontal lines 
intersecting two vertical 
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lines, all of equal length, form a square. If its opposite comers are 
connected by straight lines, called diagonals, the intersection of these 
diagonals gives the center of the square. A horizontal and a vertical 
line may be drawn through this center, and then, by setting the 
ix)int of the compass at the center and opening the compass along 
either of these lines to the sides of the square, a circle may be 
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drawn which will be exactly inscribed within the square. The 
stjuure itself will be divided into four small squares, each of which 
contains a quadrant or quarter circle. (C, plan, Fig. 2.) 




FiR. 2. 

8, The circle is divided into 3W parts, which are used for 
nieusuriiig angles or the difference In direction between any two 
lines that meet in the center of the circle. For convenience, an 
instrument called a protractor is sometimes used, which consists of 
a half-circle divided into 180 parts called degrees {°). A vertical 
line from the center of the circle will cut the curve or circumfer- 
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ence at a point 90° above the horizontal, and the diagonals of the 
square in which the circle is inscribed will divide each angle of 
90° into two angles of 45° each. 

9. As it is impracticable to draw many objects at their full 
size, an arbitrary scale is used to enable the drawing to be made at 
h h 1^' sV, or some other fraction of its true size. Drawings at 
the scale of J inch to the foot reproduce each dimension of an 
object at 4V of its true size. The system of drawing things " to 
scale " enables us to make accurate drawings at any convenient 
size. 

10. To make pictures of objects in such a way as to express 
accurately the size and shape of every part, three drawings are 
usually necessary— a plan, a section, and an elevation — the plan 
to show widths and h»ngths, the section to show widths and heights, 
the elevation to show lengths and heights. 

11. A drawing looks better when its perpendicular center is 
half-way across the paper and its bulk placed slightly above the 
horizontal center of the sheet. Begin then by finding a point in 
the paper half-way between the sides, and through this center 
draw a vertical line — the vertical axis of the drawing. Lay out 
the plan, th(i elevation, or the sum of the two together with the 
space between them, so that half the finished work shall be on 
each side of the vertical axis. 

12. In mechanical drawing, it is best to begin by indicating 
the axes or center lines of objects in plan, section and elevation. 
On either side of these axes lay out one-half of the width or depth 
of the objects rejjresentt^. 

13. A pier or pillar is a mass of stone, wood or metal stand- 
ing on end and used as a support. (Fig. 2, C.) 

14. A lintel is a piece of stone, timber, or metal laid flat upon 
two pillars so as to form an opening or bay. (Fig. 2, E.) 

15. A string course is a horizontal band of stone, brick, or 
other building material projecting beyond the face of a wall. (Pig. 
2, F.) 

16. The first exercise, Fig. 2, shows two pillars C and D, 
carrying a lintel E, above which is a string course F. The plan 
shows the width and the depth of the pillars G and D. It shows 
that pillar D is square and that pillar C is eight sided (octagonal.) 
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It also shows that these two pillars are set along a straight line or 
axis (A-B) having the same direction as two of their sides. The 
section shows the vertical position, the depth and the height of 

the pillars, the width and tlie 
height of the lintel E, which 
rests on the pillars so as to line 
with their face; and last of all 
the height and the width of the 
string course F, witli its jjrojec- 
tion beyond the lintel E. The 
elevation shows the goncTal ar- 
rangement of pillars and lintel 
as seen from an arbitrary view- 
point directly in front. It shows 
that the two pillars are ii^jright 
or plumb, indicates the &hape of 
the space between, and gives the 
length of the lintel and of the 
string (*ourse. 

17. All the pjirts of this 
drawing liave definite relations 
of size which are called propor-, 
tions. Each pillar is one unit 
and a-half wide, one imit 
and a-half deep and tive units 
and a-half high. The s^mce be- 
tween the pillars is two and 
three-quarter units wide and five 

. and one-half high ; its width is, 
therefore, one-half its height. 

18. When a pillar is cylin- 
Fig. 3. drical or roimded, it is called a 

column and is dividinl into parts, the major pirt Ix^ing termed tht- 
sliaft. (Fig. 3). The shaft is the portion extending betwt-en the 
base and the capital, or between the capital and the support upon 
which the column rests. The shaft generally rests upon a 
projecting block or base included as part of the column, and is 
crowned with anotlier projection called a capital. 
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19. Columns a,re connected to one another overhead by a tim- 
ber or stone called the architrave. Generally there is above the 
architrave a plain space, called the frieze, lining with the neck of 
the column below, and above the frieze a projecting mass that com- 
pletes the whole, and is called the cornice. The architrave, frieze, 
and cornice taken together are called the entablature. A column 
with an entablature constitute an Order of Architecture. 

20. Sometimes an Order of Arcliitecture is set ujxjn a mass 
of a certain height which is called the pe<lestal. The jx^destal 
often has a base, and a cornice or crowning membcir call(»d a cap. 
The si>ace between the base and the cap is called the die of the 
pedestal. 

21. There are sometimes used at the comers of buildings, or 
(»lsewhere against a wall, flat pillars having, like thci column, a base 
and a cai^ital. These pillars are called pilasters. 

22. For the sake of elegance and lightness, the shafts of 
columns and pilasters are generally made smaller at the top tlian 
at the bottom. This prevents the shafts from api^earing clumsy. 
They do not, however, taper all the way from the base u^Dward, but 
only from . a point one-third the ludght of the sliaft abovt^ the 
ba8(\ Above this ix)int the outline of a column or pilaster sliaft 
is a gentle taix^ring curve. This swi^lling curve or tap(»r is called 
the "entasis" of the column. 

23. It must be noted that the diminution of the pilaster is 
much less than that of the column, and that in some cns(»s the 
pilaster is of the same width at the neck as at the basi\ As 
specifically shown hereafter, there are certain relations between the 
necks and bases of columns and pilasters of each of tlie Orders. 
Occasionally, where a pilaster is used alone ui^on the corner of a 
building and not in immediate association with a taiK»red column, 
the pilaster shaft is, for obvious reasons, of tht^ sanu^ width at the 
ne(^k as at the base. See plates XXVII and XXVIII. 

24. When square pillars carry vaults or arc^hes instead of 
linti^ls, the pillars are called piers (Fig. i). If a sup|X)rt is square 
or oblong in plan, and its thickness in n^lation to its lu4ght is 
considerably more than the thickness of a column, it is called a 
pier (»ven though it carries a lintel. When a pier is topped by 

^ a projecting stone or series of mouldings from which an arch 
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springs, this projectibn is caUed the impost, aud the projecting 
band or border that is often placed around the edge of the arcli 
is called an archivolt. Piers generally rest uix>n a base or plinth. 
71 g 3 7 31 3 t" 3 ?" 




25. An arch ia a siipi»rt coiistnicted of separate stones, 
units, or vouBsoirs, with its center higher than its two ends, and 
of an outline which ia, in part or entirely, a circle, or a cnrve laid 
out from one or more centers. A vault is a continuous arch roofing 
over a room or ptissage, whose length is considerably greater than 
its width. A series of arches in succession opening upon the 
space covered by a vault, may be called an arcade. 
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26. Note the distinction between the lintel, a single hori- 
zontal member carrying a superimposed weight to the piers by its 
own strength, and the arch, a curved construction which carries a 
superincumbent weight by transferring its load to the piers or 
supports from which it springs, but unlike the lintel, adding a 
certain lateral "thrust" which the supports must resist. 
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27, Bases, capitals, lintels, cornices, imposts, and archivolts 
are compos(»d of sepg^rate members of straight or curved profiles, 
and these nu?mlx^rs are called mouldings. 

28. Classical mouldings may be divided into five classes: 
crowning, supporting, binding, separating and prone. The mould- 
ings most frequently used are the quarter round, Fig. 5 (E); the 
cove or cavetto, (A); the torus or half round, (J); the cyma, (C); 
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Fig. 6. 



the ogee or cyma reverea, (H); and 
the scotia, (O). The quarter round, 
cove and torus are simple mould- 
ings whose outline is an arc of a 
circle; the cyma, ogee and scotia 
are composite mouldings outlined 
by the arcs of two or more circles. 
The fillet (M), while never occupy- 
ing an important position, is contin- 
ually used to finish off or to separ- 
ate the more important mouldings. 

29. Classical architecture in- 
cludes five Orders that differ in the 
proportions of their columns and 
in richness of their ornamentation. 
These Orders have long been called 
the Tuscan Order, (Fig. 6); Doric 
Order, Ionic Order, and Corinthian 
Order, (Plate I) and Composite 
Order, (Fig. 17). The Doric, Ionic 
and Corinthian orders are the most 
iniix)rtant, as they are now in more 
general use. 

30. The five orders have one 
proportion in common, viz.: the 
relation of the height of the column 
to the height of the entablature. 
The entablature in all five orders 
is one quarter the column height. 
The height of the column in any 
order is therefore the height of 
four entablatures, and the height 
of the entablature, although a 
variable quantity, will always bear 
a c(»rtain reflation to the general 
heiglit of the order. 

31. The height of the entab- 
lature divided into one hundred 
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parts establishes a scale which may be used in determining the 
proper proportions of all parts of the order. This scale unit is 
called the Entablature or *'En" and its one hundred parts are, 
where necessary to show more minute divisions, sub-divided into 
tenths which are expressed decimally. 

32. Another system of measurements which is often used is 
based upon a unit called the "Module" which is always equal to 
the radius of the column shaft at the base. This unit, like the 
"En," may vary in different examples but will always have a 
definite relation to the order as a whole in any particular case. The 
"Module" is sometimes subdivided into twelve parts, sometim(*8 
into eighteen and sometimes into thirty, depending upon the order 
considered and the system of measurement to be adopted. It is, 
therefore, not so reliable a unit as the "En," and the latter will b(5 
used in this work. Some of the plates from Vignola and Palladio, 
however, are drawn according to the "Module" system. It is only 
necessary to remember that the "Module" is always equal to the 
semi-diameter at the base of the column. 

33. The figured dimensions of a drawing are written along 
vertical lines in measuring heights, and along horizontal lines in 
measuring widths. A figured drawing is one whose dimensions are 
expressed in figures, and the extent covered by each measurement 
is denoted by dotted measuring lines and by spurs or arrow heads, 
two of which when meeting form a cross. 

34. The most striking diflference between the Orders is in 
the proxx)rtions of the columns, whose heights, as already noted, 
are equal to four entablatures, but whose diameters just above the 
bases are as follows: 

Tuscan order, 55 parts of the Entablature or "En." 
Doric order, 50 " " " " 

Ionic order, 45 ** " " - w 

Corinthian order 40 " " " " 

Composite order 40 " " " " 

From the Tuscan to the Corinthian Order the thickness of the 
column decreases evenly by five parts at each step. 

35. The shafts of columns, as we have already seen, are less 
thick at the capital than at the base. The upper diameter of the 
columns of the different orders is: for the — 
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Tuscan Order, 48 parts. 
Doric " 44 " 

Ionic " 39 " 

Corinthian " 36 « 
Composite " 36 « 

36. The Tuscan and Doric columns have one relation in com- 
mon, — the height of their capitals, which is twenty-six. The 
cornice in both these orders has a height of thirty-seven. 

37. The entablatures of the Ionic. Ck>rinthian and Composite 
ortlers have certain general proportions in common, and all the 
general proportions of Corinthian and Composite columns are 
identical. 

SS. When orders are set upon pedestals, the latter must har- 
monize in their proportions and decoration with the orders carried 
by them. The height, however, is variable, being generally pre- 
scribed by the practical requirements of each building. A good 
average height is 1 En 40 parts or 140 parts. Although pedestals 
are not component parts of the orders it is convenient to call them 
according to their characteristics, Tuscan pedestals, Doric pedes- 
tals, Ionic pedestals, etc., as the case may be. The several orders 
differ in the complexity of their mouldings and the richness of 
their ornamentation. 

TUSCAN ORDER. 

39. Although it has been deemed best to restrict this text- 
book to a consideration of the three Roman orders termed the 
Doric, Ionic and Corinthian, the simpler Tuscan Order is shown 
sufficiently in detail to enable the student to use it in the exer- 
cises as required. The simplicity of its mouldings and the com- 
paratively few lines required to express its component parts seem 
especially to fit this order for the earlier required drawings. The 
general proportions of the Tuscan Order are shown in Fig. 6, 
while the details may be more carefully studied in the full page 
drawing, Plate II 

40. The shaft of the column has at its lower extremity a pro- 
jecting member called the listel, surmounted by a curved mem- 
ber called the cong6 or cove, which is itself a continuation of the 
outline of the column shaft. The listel rests directly upon the 
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base and is three parts in height and the same in projection, there- 
fore the surmounting cong6 is in outline just a quarter of a circle. 

41. The height of the base without the listel is 26 parts, 
divided between the plinth, which is 14 and the torus which is 12. 
Since a torus has the form of a semi-circle, its projection is one- 
half the height, that is to say six, which — with the projection of 
the listel — makes the total projection of the base beyond the lower 
part of the shaft nine parts. 

42. The projection of the base determines the width of the 
die of the pedestal whose face corresponds to the face of the plinth 
above, and it is from this face that the projections of its cap and 
base are measured. These projections and moulding sections are 
shown at the left of the drawing in Plate II. 

43. The shaft of the column is terminated below the capital 
by a moulding composed of a cong6, a fillet, and a small torus 
which is called a bead; these mouldings taken together are termed 
the astragal. 

. 44. The Tuscan capital is very simple, and is composed of 
three principal parts. Above the astragal occurs the necking, 8 
parts in height and ending in a cong6. Then comes a fillet 2 parts 
high. Above this is the quarter-round 6.5 parts in height and of 
equal projection. The upper part of the capital is comptosed of 
the abacus, ending in a cong6 and fillet, the whole 9.5 parts high. 
The abacus is, like the plinth of the base, square in plan. The 
total projection of the upper edge of the abacus from the face of 
the necking is 10 parts. 

45. The architrave is composed of a single face, terminated 
by a cove and a listel. The total height of the architrave is thirty 
parts, of which twenty-five are given to the face and cove, and five 
to the listel. The projection of the listel is four parts. 

46. The frieze of the Tuscan Order is thirty-three parts in 
height, and is terminated at the top by a cong6. 

47. The cornice is composed of three principal parts: the 
quarter-round, the corona and the cavetto. To each of these parts 
is also given a fillet or listel to finish or separate it from the adja- 
cent mouldings. An alternative entablature is shown upqn the 
same plate, lining with the one just described. 
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48. On this plate (II) are also shown the details of two 
imposts and an arch i volt which may be employed in the decorated 
arcades of the Tuscan Order. Th(i imposts are twenty-four parts 
in height, and the archivolt is thirty parts wide. 

DORIC ORDER. 

49. There are two styles of the Doric Order, the Denticular 
Order and the Mutular Ord(T. The* difference between these two 
styles is purely decorative and will be explained in the course of 
this analysis. 

50. The Doric column, more elegant than that of the Tuscan 
Order, is sometimes fluted with segmental channels, the intersec- 
tion of which forms a sharp raised e<!^e or **arris." These channels 
are always twenty in number, and an* so placed that one is always 
seen in the cent(»r of the column on each of its four faces. 

51. To draw a column with channels, it is necessary to 
make a plan just above the base, that is to say, at its greatest 
diameter, and anotht^r at its smallest diameter or at the necking of 
the column. (Plate III.) Having divided the semi-circumference 
into twenty different parts, and having determined the radius 
through each point of division, draw a chord of the arc comprising 
two of these divisions; and with an opening of the compass 
equal to one-half of this chord, and from the point where it inter- 
sects the radius which divides it into two parts, draw a semi- 
circle outside of tht^ circumference of the column. The summit of 
this semi-circle will be tht» center of the arc of the circle that forms 
the channel. By taking the corresix)nding jx^int on each alternate 
radius all the cliannels may be drawn with the same opening of 
the compass. As a result of this method, the arc of the Doric 
channel is exactly a quartc^r circle. 

52. The head or upjxir part of each channel is a semi- 
circle, while the foot rests on a plane inclined at forty-five degrees. 
In drawing a channeled column there is but one channel 
seen in direct front eknation, the others follow the curvature of 
the shaft, and are drawn according to their positions on the plan. 
They form at the up^x^r and lower extremities different curves 
which can be obtained only by projecting the pro^^r points. 
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Thus, to obtain the curves formed by the heads of the channels 
draw (in elevation) the semi-circle forming the head of the central 
channel, and divide the plan of each one into eight equal parts. 
Now project upward the points of division on the plan of this cen- 
tral channel by vertical lines drawn to intersect the semi-circle in 
elevation. From these points of intersection, draw horizontals 
which will pass tl rough all the other channels. Then draw verticals 
from the plan of (.ach channel, as has already been done with the 
central one, and at the intersection of these verticals with the 
respective horizontal lines, points of projection may be marked 
by means of which one may describe the various curves. 

For the foot of the channels the section must be used to estab- 
lish the points of projection by dividing the inclined plane into 
three equal parts, and from each of these points of division, hori- 
zontals passing through all the channels may be drawn; then, 
dividing the depth of the channel on the plan into three equal parts, 
one may draw from the center of the column, two circles passing 
through all the channels. At the points where these circles inter- 
sect the outlines of the several channels, points are found in plan 
which may be projected to the horizontals of the elevation. 
Through, these points may be drawn the several curves of the 
channel footings. 

53. This plate shows also the details of the capitals and bases 
of the two Doric Orders. The left half shows the Denticular and the 
right half the Mutular Order. The capitals have the general 
characteristics of the Tuscan capital, but they have several 
diflPerences of detail. For example, the abacus is enriched by a 
small cyma-reversa with a listel or fillet; while the necking is 
separated from the quarter-round by three "annulets" in the 
denticular, and by an astragal in the mutular order. 

The height of the Doric capital is the same as that of the 
Tuscan Order, twenty-six, divided thus: the necking eight, the 
annulets or astragal three, the quarter-round five, the abacus six, 
the cyma-reversa two, and the listel two; the total projection of 
these members is ten, of which two is the j)rojection of the cyma- 
reversa, .5 is the projection of the abacus beyond the (juarter-round, 
five for the quarter-round in the denticular order, and 2.5 for the 
three annulets. 
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The quarter-round in the mutular order is of the same height 
as in the denticular but it has a projection of six, and is drawn 
with a radius of six, and the cong6 of the astragal has a projection 
of one and five-tenths. The shaft of the column terminates below 
the necking of the capital by an astragal of three parts, of which 
one is for the annulet, and two for the bead or ring; the cong6 
has a projection of one. 

Sometimes, in order to give increased richness to the capital, 
certain mouldings are carved. The cyma-reversa of the abacus is 
adorned with the leaf and tongue ornament, the quarter-round with 
eggs and darts, and the "baguette" or. bead with beads and reels. 

54. The Doric base is twenty-four parts in height, divided 
among the plinth of twelve, the torus of nine, and a bead or ring 
of three; the fillet below the cong6 of the cx^lumn is two in height. 
The projection of the base is eight, comprising the cong6 of the 
column, which is two, the bead 1.5, and the torus 4.5. 

55. The Doric entablatures are shown in -Plates IV and V. 
The architraves have a characteristic ornament which consists of 
a row of small truncated cones (or pyramids) called ''guttae," 
attached below the listel of the architrave to a small band called the 
reglet or taenia. Their position corresponds to the channeled 
parts of the frieze above, which are called the triglyphs. Notice 
tliat the denticular architrave is composed of a single band crowned 
by a listel, while the mutular has two bands, of which the upper 
XJrojects beyond the one that rests upon the capital. These 
bands are designated by the name fascia or "facure." 

Both styles of Doric architraves are twenty-seven parts in 
height, of which four are given to the listel. 

The lower band of the mutular Doric architrave is nine parts 
in height; the height of the guttae is three, of the reglet or '^taenia" 
one. The denticular style has but one projection, that of the listel, 
which is three. The mutular has a projection of four, because of 
the addled projection of the second fascia which is one. The guttat* 
are spaced four parts from c(uiter to center; their lower width is 
tliHH^ and the upper width two. The face of the taenia is parallel 
to the slope of the guttae. The projection of the guttae from the 
face of the architrave is 2.5 on the bottom, and two at the top. 

56. The frieze of the Doric Order is thirty-six parts in height 1 
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and is distingiuslied by its triglyphe, which are appartintly the 
extremities of beams, forming on the frieze a slight projection of 
two i)art8, and 8t)aced at regular intervale. The name comes 
from the triangular channels with which they are ornamented. 
Tlie detail of this ornament as well as of the dependant guttae is 
clearly shown in Fig. 7. 

57. The cornice of the dentioidar Doric Order is thirty-seven 
parts in he^ht and its projection is forty. It is composed first, of 
a band four parts in height and one in projection, forming a slight 



Fip. 7. 
projection of ."> ovrr ciich triglyph; socond, a <-yniii- re versa of three 
in height and 2.5 in projection, placed with a projection of five- 
tenths over the head of the triglyph; third, a band six in height 
and five-tenths in projection over the cyma-re versa; against this 
band are placed small blocks, five parts in height and four in width, 
with a space of two between them, which are called dentils; 
fourth, a corona eleven piirts in height comprising two fillets, of one 
part each which are seen in profile on the section AA and which, 
with the drip, are iiitendt.'tl to carry off the rain water ; fifth, a cyma- 
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reversa of 1 8 surmounted by a fillet of 1.2 and the whole project- 
ing 2.2; sixth, a cavetto of six, and six in projection; seventh, a 
listel of four crowning the cavetto. 

58. The two sections show that the dentils are surmounted 
under the corona by a cavetto of two in height, having a projection 
of two in which is includtni the offsetting projection of .5. This 
cavetto causes the soffit or lower face of the corona to be 
inclined two parts. This soffit is divided into panels of various 
forms corresponding to the divisions of the friez4% as will be 
seen in Fig. 9. Those piinels which correspond to the triglyphs 
are ornamentcKl by round guttae, the position of which is de- 
tc^nnintnl by the edges of the channels. The guttae are thre<^ 
parts in diameter at the lower face and two at their summit; 
they iiTi) one in h(»ight and are placed in three rows spaced 
four from center to center. The other panels are divided into 

lozenges and triangles and are 
sometimes ornamented with ro- 
settes or other devices. 

59. The frieze of the mutu- 
lar order is distinguished only 
by a slight difference in the 
channels of the triglyph. The 
channels on the edges are eased 
off into a curve at the top, 
while the others form re-enter- 
ing angles. 
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Fig. 8. 



The cornice is noticeable for the projecting blocks which 
depend from the corona and which are called mutules (Fig. 8). 
This cornice (Plate V) has the same h(»ight as the preceding one 
(Plate IV), but it differs in its projection, which is forty-two. The 
height is divided in the following manner: the band above the 
triglyph four, the filh^t 1.5, the quarter round three and five-tenths, 
mutules six and five-tenths, cyma-reversa one and five-tenths, the 
corona eight, cyma-reversa one and eight- tenths, fillet one and two- 
tenths, cyma-recta six, and the listel three. The projection is 
divided as follows: the thickness of the triglyph two, band and 
listel one, quarter-round three and five-tenths, the fascia five- 
tenths, mutules twenty-four and five-tenths, corona two and 
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five-teiithg, fillet projection with cynia reversa two, and the 
cyma-recta six. 

The mutules have a face five and five-tenths in height and 
fonn a profile composcnl of a sqnare of one, a drip of one and five- 
tenths, and a reglet of two. The lower face of the mutules in 
Plate V is decorated with five rows of guttae, six in a row. As 
the mutules correspond in their position and in their width to the 
triglyphs, so the di^dsions of the guttae correspond with the edges 
of the channels of the triglyphs. 

60, In the Doric Order the axes of columns and pilasters 
always correspond to the axes of the triglyphs above them. The 
upper semi-diameter of the column being twenty-two, the axis of 
the first triglyph is placed at twenty-two from the angle. The 
triglyphs are twenty-four in width, and the spaces which separate 
them are thirty-six. These spaces are exactly square, having a 
width equal to the height of the frieze, and are called "metopes." 
The mutules are of the same width as the triglyphs, twenty-four, 
and are placed on the same axes. Sometimes the metopes are 
decorated with objects of sculpture whose character is suggested 
by the character of the edifice. (Plates VIII and IX.) 

61. The under part of the corona, or "soffit" of the Doric 
cornice is divided like the frieze, its divisions corresponding to the 
triglyphs and the metopes, as we have already seen. The arrange- 
ment of the soffit at the angle must be carefully observed: — 
in the denticular cornice. Fig. 9, there is included in the comer a 
division which corresponds to the width of the metope: first, a 
division of five; second, a division of 13; third, another division of 
five; and finally — at the angle — a square of twelve and a fillet of 
one. These parts are decorated with panels where sometimes are 
X)laced rosettes, winged thunder bolts, or other ornaments in accor- 
dance with the character of the edifice. In the soffit of the mutular 
cornice (Plate IX) there is at the angle a square of twenty-three 
and five-tenths, decorated with a panel which may be filled with 
sculpture, such as the winged thunder-bolt. The si)ace between 
this panel and the mutule is ornamented with lozenge shaped 
panel, in which is a rosette, 
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62. The cymatinm or cap of the pedestal (Plate VI) is foor- 
teen parts high, of which the divisions are: a fillet of one, quarter- 
round of three, corona of seven, and Hstel of three. Its projection 
is nine, of which four is the projection of the cong6 and quarter- 
round, three and five-tenths of the corona, and one and five-tenths 
of the listel. 

The base of the pedestal is forty-five in height, divided among 
a first plinth twenty-five, second plinth ten, listel three, cyma- 
reversa five, and fillet two. The projection of the base is eight, of 
which one is for the first plinth, one for the second plinth, four for 
the cyma-reversa, and two for the cong6. The die of the pedestal 
is eighty-one parts high and its sides are in plane with the faces 
of the plinth of the column base. 



Fig. 8. 

63. The impost ia twenty-five in height; it is oompoeed of an 
astragal of three, a necking of seven, a fillet of one, a quarter- 
round of three, a corona of eight, and a listel of three. 

The projection of the iinixat is eight; for the quarter-round 
and fillet four, for the corona two and five-tenths, and for the liatel 
one and five-tenths. The astnigal projects two. The arcliivolt is 
thirty in height; it is composecl of u first band nine, second band 
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eleven and five-tenths, fillet 
one and five-tenths, quar- 
ter-round four, and listel 
four. 

The projection of the 
archivoltissix; secondhand 
one, fillet one, quarter round 
three and five-tenths, and 
listel five-tenths. 

64. The width of the 
Doric pilaster in proportion 
to the column is shown in 
Fig. 10. The lower diameter 
of the Doric column being 
fifty and its upper diameter 
forty-four, the difference is 
six, which is divided into 
three equal parts, of which 
one is taken for the differ- 
ence in width between the 
neck and base of the pilaster, 
forty-eight being the width 
at the base and forty-six at 
the bottom of the cap. 

The difference of pro- 
jection of the bases is made 
up in the cong6 which pro- 
jects two for the column and 
three for the pilaster. 

The difference in the pro- 
jection of the caps is made 
up in the three annulets 
and the quarter-round of 
the denticular capital and 
in the astragal and quarter 
round of the mutular capi- 
tal. 
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THB IONIC ORDER. 

65. The Ionic Order is distinguished principally by the form 
of its capital, of which the spiral scrolls, called volutes (Plate X) 
are the most important and determining characteristic. 

66. The abacus of the Ionic capital is square; it projects six 
parts from the lower face of the architrave or from the upper 
diameter of the shaft of the column, is four parts in height and is 
compost^i of a fillet of two parts and a cyma-reversa of two. The 
fillet also has a projection of two. The upper face of the abacus 

forms a square of 
fifty-one on each side, 
and the lower face a 
square of forty-seven ; 
the volutes grow from 
beneath the abacus 
on opposite sides ; the 
catheti, which are the 
vertical axes or center 
lines of the volut(»s, 
are placed a distance 
of twenty-one from 
the axis of the col- 
umn, or project one 
and five-tenths b e - 
yond its upper diame- 
ter. The height of 
Q the volute being 

FifT. 11. twenty, the three fol- 

lowing dimensions may bo laid out on the cutheti below the alwi- 
cus ; ten for the volute above the eye, two and five-tenths for the 
diameter of the eye, and seven and five-tenths for the lower part of 
the volut(». The volute may then be drawn. 

67. The spiral or volute is composed of twelve quarter circles 
drawn from twelve different cc^ntres, which may be located in the 
following manner. Having established, on a vertical line calhxl 
the **cathetus," the height of the volute, twenty parts, it is divided 
into eight equal portions. The divisions are marked 1, 2, 3, 4, 5, 
6, 7 and 8, oonimencung at the lower edge. Mark the middle 
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of the space included between the points 3 and 4, and draw 
through this central point a horizontal line. Taking this same 
point for the center, draw with a radius of one-half part, a circle 
which will be the eye of the volute. This eye is shown enlarged 
in Fig. 11. Divide into two equal parts the two radii of the eye 
which coincide with the cathetus, C-D giving the points 1 and 
4, and here construct a square of 1, 2, 3, and 4, in the direction in 
which the mass of the volute is to be drawn, in this case on the 
left of the cathetus. The side of this square which coincides with 
the cathetus being divided into six equal parts, the other two 
squares — five, six, seven, eight, and nine, ten, eleven, twelve — ^may 
be drawn. In this manner are obtained twelve center points at 
the comers of the squares, numbered from 1 to 12 from -which are 
drawn the twelve quarter circles that constitute the exterior spiral. 
Horizontal and vertical lines from these twelve centres determine 
the limits of the twelve quarter circles. 

68. In order to trace the second spiral which forms the inner 
edge of the fillet of the volute, divide into three parts on the cath- 
etus (Plate X) the space included between the first and the second 
revolution, that is to say, the distance between the points six and 
eight. One-third of this distance 6-8 will be the width of the fil- 
let. To find the twelve centers for the second spiral, draw three 
new squares of which the height and position are determined by 
dividing into thirds the space between the squares of the first 
spiral so that the new square 1 ' , 2 ' , 3 ' , 4 ' , (Fig. 11) shall be within 
the square 1, 2, 3, 4, by just ^ the distance from 1 to 5 and from 
4 to 8. The new squares 5', 6', 7', 8', and 9', 10', 11', 12', will 
have corresponding relations to squares 5, 6, 7, 8, and 9, 10, 11, 12, 
respectively. From the points 1' to 12' inclusive, the second 
spiral may be drawn in the same manner as the first. 

69. For the outer fillet, which appears below the abacus and 
beyond the cathetus, (Plate X) find four center points by construct- 
ing a new square larger than the square 1, 2, 3, 4, (Fig. 11). This 
is determined by taking on the cathetus C-D, half of the distance 
from the point 1 to the point 1', and measuring this distance out- 
side of the point 1 to the point 1% from which 2", 3\ 4", etc., 
can be readily drawn. 

70. The space included between the lower part of the abacas 
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and the first complete revolution of the volute forms a flat band 
which ties tc^ther the two volute faces of the capital, and this band 
is set back two and five-tenths from the projection of the abacus. 
(See section through side of capital.) The fillet disappears in this 
face by a quarter of a circle drawn from the point six on the cath- 
etus. The space between the lower line of this face and the hori- 
zontal line passing through the center of the volute eye is taken 
up by a quarter-round drawn with a radius of six and projecting 
four and five- tenths from the face of the volutes or eight from the 
outside of the shaft, as may be seen at B in the section on the 
right of the drawing of the "Side of the Capital." This moulding 
follows the circular plan of the shaft and is ordinarily decorated 
with eggs and darts. Below this quarter-round is found an astra- 
gal which unites the capital with the shaft; this astragal is three 
and five-tenths parts in height, of which two and five-tenths are 
for the bead and one for the fillet, the projection is two and five- 
tenths of which one and five-tenths is for the bead, and one for the 
cong6. 

71. The side face of the capital, called the "roll," unites the 
volutes of the two faces. It is forty-six parts in width and is 
divided in the center by a sunken band of six (or seven) parts in 
width which is ornamented with two beiid mouldings of two parts 
each spaced one part apart. The height of this band below the 
abacus is fourteen, as shown in the section; the space included 
between it and the return or inner edge of the face of the volute is 
sixteen or sixteen and five-tenths. This part is bell-shaped, and 
its outline is obtained on the side of the capital as follows: 
Having prolonged the horizontal line marking the lowest point 
of the volutes, find on it two points, the one, two and five- 
tenths from the band at the center, the other five and five-tenths 
from the inner edge of the volute, and here erect two perpendicu- 
lars; on the first of which mark heights of four and five-tenths, 
and of eight and five-tenths, and on the second three and five- 
tenths, and nine and five-tenths. Four points a, J, c and d will 
be obtained by this means through which the curves may be 
readily drawn. 

The section of the roll may be drawn thus: Draw the profile 
of the abacus and of the astragal. Then draw the exterior oontour 
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of the volute as far as its intersection with the line of the shaft, by 
establishing the cathetus and the first three points of the squares 
1, 2, 3, and 1", 2', 3" in the eye. Draw a horizontal line ef mark- 
ing the height of the center of the roll, fourteen parts below the 
abacus, and another horizontal three parts higher up. On the 
latter horizontal fix a point h six and five-tenths from the edge of 
the volute ; from this point, with a radius of three, a semi-circum- 
ference may be drawn whose intersection with the horizontal k 
gives the center of the second arc of the section, which may be 
drawn with a radius of six. Then continue the lower line of the 
abacus and mark a point o three and five-tenths beyond its pro- 
jection; this is the center of a third aTc of the circle which may be 
drawn with a radius of seven. 

72. The principal figure of this plate (X) is the plan of the 
capital, which shows the horizontal form and the disposition of the 
rolls, as well as the combination of the circular mouldings with the 
square mass of the capital. 

73. The Ionic capital is generally enriched with carved orna- 
ments, the quarter-round is carved with eggs and darts, the bead of 
the astragal is carved with bead and reel ornaments and the roll is 
carved with leaves, more or less detailed, while a rosette is fre- 
quently carved in the circle forming the eye of the volute. 

74. The channels of the Ionic column differ from those of the 
Doric in the fillets which separate them; they are shown in this 
plate to be twenty in number, and the width of the fillet is equal 
to one-third of the width of the channel, so that, after having 
divided the circumference of the shaft into twenty equal parts, 
each of these is divided into eight, two of these eight parts being 
given to the fillet and six to the channel. 

The plan of each channel is drawn from a center placed 
at a distance of one part outside of the circumference of the shaft, 
as is shown in the plate. (Plate X.) 

75. The number of flutings of the Ionic shaft is frequently 
twenty-four instead of tw(»nty, as here shown. In the attempt 
to differentiater between the Ionic and Corinthian capitals it is 
often desirable to allot a smaller number of flutings to the Ionic 
shaft. When this order is usckI at a small scale, it is very proi)er 
that the channels should be few in number, so as not to complicate 
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the carving. For use in wood, however, twenty-four channels, with 
their centers placed on the line of the column circumference, are 
preferable, as they are sharper, more effective and better accord 
with the accepted number of seven flutings for the pilaster shaft. 
The flutings as shown in plan on Plate X are very shallow and 
do not "tell" as much as should be expected of this method of 
ornamenting the column. It is therefore suggested that in actual 
practice the method and number of flutings shown on the plan of 
the Corinthian shaft, Plate XIX, be also employed on the Ionic. 

76. The cornice of the Ionic order (Plate XI) is less compli- 
cated than that of the Doric, having, with the exception of the 
dentils, none but horizontal divisions. The cornice is forty parts 
in height and its projection is equal to its height. 

Certain of the mouldings are carved with the leaf and tongue, the 
egg and dart, and the bead and reel, the perpendicular divisions of 
which correspond to the axes of the dentils, which in turn cx>rrespond 
to the axes of the columns. The frieze is thirty parts in height and 
undecorated; the architrave is the same height as the frieze, and 
is composed of three bands or fascias and a crowning moulding. 
The band which rests on the caj^ital is six in height and its face is 
plumb with the upper diameter of the column and with the frieze ; 
the second band is seven parts in height and projects one part 
beyond the lower; between the second and third bands occurs a 
cyma-reversa two parts high; this third band has a projection of 
one and five-tenths beyond the second. The assemblage of mould- 
ings crowning the architrave is composed of a bead moulding of 
one and five-tenths parts, and a cyma-reversa of three, cfowned by 
a listel of two and five-tenths. The projection of these mouldings 
beyond the third band is three and five-tenths, so that the extreme 
projection of the architrave is six. 

77. The base of the Ionic order (Plate XIT) is twenty-three 
and five-tenths parts in height; it is connK)sed of a plinth of eight, 
a first torus of six, a fillet of one and five-tiniths, a scotia of three, 
a second fillet of one, and a second torus of four. The projection 
of the base, including the cong6 of the shaft, is eight, of which two 
is the projection of the cong6. This is shown on the enlarged 
section of the pedestal and column base at tlie left. 
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78. The cymatium or cap of the ix^lestal is fourteen in height, 
divided as follows; a fillet, one and five-tpnths, cyma-recta, two 
and five-tenths, surmounted by a emaU fillet of five-teuths, a corona 
of 6ve and five-tenths, a cyma-reversa of two, and a listel of two. 
The projection of the cap from the plinth of the column base and 
the die of the pedestal la nine, of which two parts are for the cyma- 
reyersa and listel, and three and five-tenths for the corona in 
which is cut a small drip. The base of the pedestal is forty-five in 
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height divided thus: first plinth, twenty.five; second plinth, ten; 
torus, three and five-tenths; fillet, one; cyma-reversa, four; upjjer 
fillet, one and five-tenths. The projection of the base is eight, of 
which one is for the cong6, four for the cyma-reversa, two for the 
torus, and one for the first plinth. 

79. The iniix>st is twenty-three parts high and is sub-dividetl 
aa follows: astragal three; frieze six and five-tenths; fillet one; 
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quarter round, two and five- tenths; corona, six; cyma-reversa, two; 
listol, two. The projection of the impost is eight; two for the 
cyma and listel, three for the corona, and three for the quarter- 
round and fillet. The archivolt is twenty-five in width composed of 
a first band of seven, a cyma of two, a second band of nine, a bead of 
one and five-tenths, a cyma. of three, and a listel of two and five- 
tenths. The projection of the archivolt is five, of which one and 
five-tenths is for the projection of the second band beyond the first, 
one for the bead, and two and five-tenths for the cyma and its fillet. 
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Fig. 13. 

80. The relation of Ionic colimiu taix»r to pilaster taper 
(Fig. 12) is as follows: The lower diamc^ter of the Ionic column is 
forty-five, and its upper diameter thirty-nine, the difference 
is six, which, divided into three parts, as in the Doric order, gives 
for the lower width of the pilaster forty -three, and for the upper 
width forty-one. The projections of the bases differ only in the 
cong6 of the shaft which measures three for the pilaster and two 
for the column. 

The disposition of the capital is the same for the pilaster eis 
for the column so far as the volutes are concerned, the catheti being 
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the same distance (forty-two jmrts) from each other. It may be 
noticed only in the plan of the capital of the pilaster, that the 
outer edge of the quarter-round forms an arc of a circle drawn 
with a radius of thirty-five,while the astragal is rectangular in plan 
like the face of the pilaster, and, running between the volutes, con- 
nects them with one another. 

81. In Fig. 13 will be found a drawing of the Ionic console. 
Sometimes one of these consoles is placed at the crown of an arch 
intersecting the arch i volt. The sides of such a console radiate 
from the center of the arch; the stone on which the console is 
carved is called the '*key" of the arch or th^ "keystone." 

THE CORINTHIAN ORDER. 

82 The Corinthian is an elaborately formal and dignified 
Order, and all the details which enter into its composition will 
bear analyzing with the greatest possible care. 

83. The Corinthian capital (Plate XVII) is in form similar 
to a cylindrical vase covered by an abacus with hollowed sides and 
with corners cut at an angle of forty-five degrees, in plan with the 
sides of the square containing the abacus. Against this vase or 
*'beir' are placed two rows of leaves whose heads are curved. 
The first row, which is applied directly above the astragal of the 
shaft, is composed of eight leaves; these are called the small 
leaves. From the intervals between these small leaves arise the 
stems of the second row of leaves which are larger. Between 
these large leaves and just over the centers of the small ones, eight 
stems arise, from which develop eight other leaves which, divided 
into two parts, recurve above the large leaves at the comers 
of the abacus and at the center of each of its faces. These 
leaves, which are very much distorted, are called caulicoli. From 
these caulicoli arise sixteen volutes of which eight large ones 
unroll in pairs, back to back, under the cx)rners of the abacus, 
and eight small ones, also in pairs, extend towards the centers 
of the four sides of the abacus. Among the small volutes 
next to the bell is placed an ornament which is called the 
floweret, and above this, against the mouldings of the abacus, 
is a rosette. 
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84. The small leaf, Plate XVI, is placed on a vertical axis 
against the vase in such a manner that the base rests on the 
astragal and its face corresponds to the face of the shaft, so that, 
the leavers being one part thick at the bottom, the vase of the capi- 
tal must be two parts smaller than the column at the neck. 

The sweep of the leaf has a projection of six from the base 
and forms a delicately curved profile the shape of which may 
easily be determined from the plate. The squares represent & 
unit of two parts in all cases. 

The develo^x^d widtli of the leaf is equal to its height, thirteen 
parts. It is represented in front elevation, half developed to its 
full height, and half in its n^curvi^ position as it is placed on the 
capital. The developed half shows the under part of the curved 
top; it may be seen that a perpendicular axis divides the leaf into 
two perfectly symmetrical halves, each halt benng divided into four 
divisions which themselves are sub-divided — the topmost and lowest 
ones into four pointed lobes, the two others into five. 

Notice that in order to present the ordinary profile above the 
astragal, the leaf preservers its entire mass in the lower part for 
a small distance above the base. 

85. The large leaf, (Plate XV) which grows from above the 
astragal, in the small space between two of the smaller leaves, 
isee Plate XVII) projects nine parts beyond the upper diameter of 
the shaft. Its details are in almost every particular similar to 
those of the small leaf. 

86. The stems of the c^iulicoli (Plate XVI) are channekxl 
batons or staves each crowned by a calix from which the distorted 
leaf or caulicolus springs (Plates XV and XVI.) 

87. It may be notict^l that in the direct elevation (Plate XVI) 
the enrollments of the volute are arranged in the form of a cork- 
screw, and the section shows the manner in which their faces are 
hollow(»d out. The floweret (Plate XV) is seen only in direct ele- 
vation in the general plate, being attached to the vase on the axis 
of each space between the smaller volutes. It is shown separately 
on this plate, with a horizontal section. 

88. This same plate shows the detail of a rosette having six 
divisions, in the center of which is found a slug whose tail is 
turned upward. 
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89. The upper part of the Corinthian capital is a drum in the 
form of a bell whose upper edge is decorated with a curved mould- 
ing called the lip. The 1x41 is forty parts in height; its lower 
diameter (directly above the astragal of the column) is thirty-four, 
— two parts less than the neck of the column, — and its upper 
iliameter at the. edge of the lip is forty-fonr. This difiFerence of 
diameter forms a section or outline starting at the astragal and 
extending in a delicate curve up to the edge of the lip. 

It is against this vase or bell that all the ornaments that have 
been detailed are attached. In order to draw each one in its 
own place in the general elevation — after having made the section, 
or profile, of the bell, with the astragal of the shaft — mark on a ver- 
tical line the height of the small leaf, thirteen parts; above this 
the height of the large leaf, twelve; then the distance above the 
large leaves up to the volute, six; next mark the height of the 
tuni-over of the small and the large leaves, four; and the turn- 
over of the caulicoli, three and five-tenths. Through all these dif- 
ferent points draw horizontal lines across the width of the bell. 
All the projections are figured from verticals erectiKl from the face 
of the column above the astragal. The small leaf projects six, the 
large one nine, the leaf of the caulicolus fifteen and five-tenths, 
and the volute seventeen. 

90. In order to draw the elevation of the Corinthian capital 
it is necessary to consider first its outline as a section, and 
to lay out carefully, in plan, the arrangement of its leaf ornaments, 
as shown in Plate XVII. By means of this section and plan, the 
elevation may be exactly determined, after the individual parts, 
with their arrangement, are thoroughly understood. 

91. The capital of the pilaster is comix)sed of the same ele- 
ments as that of the column; but as the plan of the pilaster is 
square Ihe forms are slightly different; thus the vase, which is 
square at its base above the astragal, has convex faces; each face 
of the vase has two small leaves square in plan, and centering on 
peri)endiculars at a distance of nine from the centc^r line. Larger 
leaves are placed in the center of each face and at each angle. 
The abacus and other details are exactly similar to those of the 
capital of the column. 

92. The Corinthian architrave (Plate XVIIl) is thirty parts 
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ill height and dividwl into three bands; the first, five and five- 
tenths; second, six and five-tenths; and the third, seven and five- 
tenths. Betweeui the first and the second there is a bead of one; 
between the second and the third, a cyma of two; above the third 
face there is a bead of one and fivi^-tenths; cyma-reversa, three 
and five-tenths; and a fillet, two and five-ti^^nths. The total pro- 
jection of the architrave from the frieze is five and five-tenths. 

93. The frieze has the same height as the architrave, 
and is terminated against the cornice by an astragal of one 
and five-t(»nths, of which five-tenths is for the fillet and one lor 
the bt»ad. 

94. The Ck)rinthian cornice has a total height of forty parts 
and its projection is equal to its height. It is divided thus: first, 
a cyma of three; second, a flat band of six and five-tenths, against 
which is plac(?d a row of dentils five and five-tenths deep; third, an 
astragal one and five-tenths; fourth, a quarter-roimd three and 
five-tenths; fifth, a flat bixnd of seven, against which are placed 
modillions six and five-tenths parts deep; sixth, a cyma of one 
and five-tenths which is mitred around the modillions and which 
crowns them; seventh, a corona of seven; eighth, a cyma of one and 
five-tenths; ninth, a fillet of one; tenth, a cyma-recta of five, and 
a fillet of two and five-tenths. 

The total projection of forty is divided as follows: four parts 
for the cyma, four for the dentils, five for the astragal, the quarter- 
round, and the flat band of the modillions; eighteen for the modil- 
lions up to the lower angle of the cyma; one for the cyma reversa; 
one for the corona; two for the upper cyma and its listel; and five 
for the cyma-recta. 

95. The cornice of the Corinthian order is distinguished by 
the consoles which sup^x^rt the corona and which are called modil- 
lions. The modillion is composed of two volutes or spirals similar 
to the keystone which w^e have already analyzed in Fig. 16, but 
while in the keystone the large spiral is found at the highest part, 
in the console it is at the back and attached to the face of the 
cornice. 

The lower side of the modillion is covered by an ornamented 
leaf, whose head curves back against the smaller volute. The gen- 
eral proportions and curves of this leaf are indicated in Plate 
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XVIII. In practice, the console is drawn fn;e-hund after laying 
out the general proiwrtions. 

The modillions are nine parts in width and are spaced seven- 
teen and five-tenths apart or twenty-six and five-tentlis from 
center to center; the dentils are four parts wide and are two aitart. 
Against the cyma-recta very frequently is placed a row of masks in 
the form of lions' heads to serve as water spouts. These masks 
occur over the center of the modillions. 

The soffit of the corona is ornamented Iw'tween th(( modillions, 
with panels contjiining rosettes. (Fig. 14.) 



Fif,'. li. 

96. The base of the Corinthian Ordtr (Platu XIX) is com- 
posfd of a plinth, two torus mouldings, and two scotias separated 
by a double bead. Its total height is twenty-three, of which seven 
and five-tenths is for the plinth; five and five-tenths for the first 
torus; one for the fillet; one and five-tenths for the first scotia; 
two for the beads and their annulets; one and five-tenths for the 
second Scotia; five-tenths for its listol; and three and five-tenths 
for the second torus. 

The total projection of the base is eight; in this is include<I 
the congfi of tho column whose projection is one and five-tenths. 

97. The cap of the pedestal is twenty parts in height divided 
among an Eistragal of two, a small frieze of five and five-tenths, 
second astragal of two, a cyma-rticta of two and five-tenths, corona 
of five, a cyma-reversa of one and seven-tenths, and a fillet of one 
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and three -tenth 8, The total projt.'ction of th« cap from thu die of 
the petlestttl is eight. 

The base of the jxtlestal is forty parts in height; it is com- 
posLHl of a first plinth of twenty -four, a second plinth of six, a 
torus of thn>e and five-tenths, a reversed cyma-recta of three and 
five-tenths, with a fillet of one, a bead one and five-tenths, with a 
fillet of five-tenths. The total projection is seven and five-tenths, 
of which one is for the first plinth. 
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i*8. The imixjst is twenty parts in height and is composed of 
an astragal of two; frieze, five and five-tenths; fillet, five-tenths; 
bead, one; quarter- round, two and five-tenths; corona, five; cyma- 
reversa, two; and listul, one and five-tenths. 

The total projection of the impost is seven, but for the arches 
between which a column with a ix'deatal is used, there is a greater 
projection of the corona of the impost. In this case the impost 
projection is eight. 
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99. The archivolt is composed of three fasciaa, a bead and 
quarter-round with a fillet, and a cyma-reversa with fillet. Its 
width is twenty- two parts; the first fascia four; bead one; second 
fascia five; fillet five-tenths; quarter-round one and. five-tenths; 
third fascia six and five-tenths; cyma two; and fillet one and five- 
tenths. The total projection is four. 
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Fifr. 16. 

100. The channels of the Corinthian column are twenty-four 
in number. The width of the fillet which separates them is one- 
third of the channel width. The width of a pier of the arcade is 
equal to the width of a column plus two archivolts which is eighty- 
four parts. 

101. The Corinthian pilaster and column relation is shown 
in Fig. 15: the pilaster width at the base is thirty-nine; at the 



817 



THE ROMAN ORDERS 

height of thu capital it is thirty-eeveu, 
Tho width of the pilaster differs from 
the diameter of the column, being one 
part less at the base and one more at 
the heightof the cupital. Thobaseof 
the pilasttT projects eight and five- 
tenths BO that the total width may be 
equal to that at the base of the column. 
The width of the abacus of the pilaster 
capital is eifiial to that of the capital 
of the roluuin. 

102. When the pilaster is chan- 
neled, thi^re is forminl at each angle a 
betid of one part and the remaining 
width isdivided into twenty-niue e<iual 
BiNices which in turn are divide<l into 
se\'en channels of thrtH) spac««, and 
eight fillets of one space each. The 
summits and the bases of the channels 
correspond to the starting point of 
the conges. 

-This rule for fluting of columns 
and pilasters is also applicable to the 
Ionic Onler. 

103. The drawiiig of the keystone 
consoIcoftheCorinthian arch as shown 
in Fig. Iti is a little different from 
that of the Ionic Onler, but is drawn 
in accordance with the same rules. 

THE COMPOSITE ORDER. 

MM. The Composite capital {Fig. 
17) is a mixture of elements of the 
Ionic and Corinthian capitals. Its 
forms and general proportions are like 
those of the Corinthian Order. There 
are two bunks of leaves placed as in 
the Corinthian, but the npper part ia 
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in the form of an Ionic capital whose volutes are placed on the angles. 

105. The general proportions of the Composite entablature 
are the same as those of the Corinthian, but their details are appre- 
ciably different in the cornice, where the modillions are replaced 
by a sort of double mutule having two fascias. 

106. We have how arrived at the close of the analysis of all 
the details which enter into the composition of the three Orders of 
Classical Architecture, and it will be advisable to take up briefly 
the consideration of their use in relation to each other, especially 
in regard to the principles governing their intercolumniation and 
superposition. 

INTERCOLUMNIATION. 

107. Intercolumniation is the spacing of columns in the 
clear, especially of columns arranged in the form of a colonnade. 
When a figured dimension refers to the spacing it is invariably 
one diameter less than the distance from center to center of 
columns. 

108. Superposition has reference to the use of the orders in 

■ 

two or more stories, when certain general principles always apply, 
as will be shown. 

lOP. A colonnade is a row of columns spaced regularly and 
connected by an entablature. The space which separates these 
columns is called the intercolumniation. When the colonnade is 
composed of two or more rows of columns and the space which 
they enclose is covered and serves as a covered porch or entrance 
to a building, this porch is called a portico, and it is often crowned 
with a gable or pediment above the columns. Usually one side of 
a portico is closed by a wall, and sometimes three sides are so 
closed; in such a case the columns at the angles are replaced by 
pilasters to which the side walls are attached. Pilasters which are 
employed in this manner are called antae, and a portico of this 
kind is a jwrtico "in antis." The term "antae" is more generally 
employed in Greek work and the term "pilaster" is used in Roman 
architecture. 

110. When the portico is employed as a porch in front of an 
edifice, the columns are generally of an even niunber, and the 
spaces of uneven number, in order to have a space in the center 
opposite the door- way of the building. Even when an entrance is 
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not placed behind the center of a colonnade it is considered in bet- 
ter taste to place the columns or arches so that a support does not 
come in the center of any such arrangement. When a pediment 
is placed over columns this rule is even more strictly followed. 
Occasionally, usage determines that the intercolumniations of a 
portico shall be unequal so that the central opening may be wider 
than the others, in order that the approach to the entrance to the 
building may be more ample. 

111. The intercolumniation of the Roman Doric order is 
determined more or less by the fact that the columns are invaria- 
bly placed directly under the triglyphs. It will be found difficult 
to space two columns under two adjacent triglyphs, because 




Fig. 18. 

the bases and ca|)S of the columns will overlap each other. 
Still, they may be so placc^d by enlarging the spaces between 
the triglyphs or reducing the projection of the cap and base, or 
both. It is not often that circumstances would justify such an 
alteration in the order to effect a close spacing of columns. 
When the columns are set under alternate triglyphs they are 
spaced about two and one-half diam(?t(»rs on centers. The inter- 
columniation is then one and one-half diameters, or as it is 
termed ''monotriglyphic" or "pycnostyle," (Fig. 18). The width of 
the intercolumniations (s^mces Ix^tween columns) of a portico shoidd 
seldom be less than one and oii(»-half times the diameter of the 
column, and in old work it will rarely be found to excee^J two and 
one-half diameters. In modern practice as in exceptional cases in 
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ancient work, this sjiacing is, however, exceeded. When two trig- 
lyphs occur over the opening between the columns the intercolum- 
niation is about two and three-fourths diameters, and is called 
"ditriglyi)hic." Too great an intercolumniation produces a bad effect 
in all the orders. However, when the order is executed in wood a 
much wider spacing is often employed. 

n2. In the spacing of columns other than in Doric Order 
there is no such ■ special requirement as to the location of the 
column under any particular part of the entablature, although 
where modillions or brackets are used they should be so spaced as 
to come over the axes of the columns. Such modillions or brackets 
are, however, easily varied slightly in spacing or location, so that the 
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system of intercolumniation in any other than the Doric Order is 
generally determined only by the diameter and height of the 
columns themselves. Columns are referred to as "coupled" when 
they are so placed that the bases or caps just avoid touching. This 
would space them about one-third to one-half their diameter apart, 
which is the least spacing that the outline of the column itself will 
allow. The various spacings of columns are generally termed 
coupled, pycnostyle, systyle, eustyle, diastyle, and arceostyle 
according as they are placed close together or are seiDarated by 1, 
1|, 2, 2J, 3 or 4 diameters. (Fig. 19.) The spacing of the coupled 
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columns we have already explained. The pycnostyle intercolumni- 
ation varies from one and one-quarter to one and one-half diam- 
eters. The systyle intercolumniation has two diameters which in 
modem work would often seem too little. The eustyle has two 
and one-quart(*r diameters between the columns; or, as is some- 
times preferred in modern practice, two and one-third diameters as 
in the Ionic and Corinthian orders. This corresponds more exactly 
to the customary spacing of dentils and modillions. 

113. Closer intercolumniations are generally used on monu- 
mental work of large scale, while that of a more domestic character 
requires a wider 8X)acing of columns for practical^ utilitarian pur- 
poses. During the Renaissance^ the custom of placing columns iti 
couples and taking each couple as a unit for working out the 
colonnade, was first adopted and has since, especially in France, 
been much employed. In modern practice the columns are jJaced 
less by rule than to satisfy the eye and the judgment of the 
designer. It must be remembered, however, that the axes of 
the columns must always be in accord with certain members of the 
entablature above, such as the triglyphs, dentils, or modillions, and 
also that, undi»r a i^ediment, the columns themselves should be 
even in number. 

114. A portico forming the front facade of an edifice, when 
there are not more than sevt?n intercolumniations, may be crowned 
by a triangular gable or pediment which forms the roof of the 
porch. 

115. A pedimt\nt is placed above the cornice of the entabla- 
ture and is formed by two sloping cornices which are joined at the 
angles to the horizontal cornice. The crowning cyma-recta or 
cavetto follows the sloping cornice and is omitted from the hori- 
zontal cornice bt^low the face of the jx'diment. The triangular 
face which is found lx»tween the three cornices corresponds in 
plane with the frieze of the entablature and is called the "tympa- 
num" of the pt»dinient. 

The height of a pediment is determiniHl as follows. In Fig. 20 
let A be the i>oint in which the axis of the ptnliment intersects the 
liighest line of tlie horizontal cornice. With this point as a center 
and with a radius etiual to one-half the width of the pediment, draw 
a semi-circle bt^low the i^ediment as shown in the figure. This 
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semi-circle intersects the axis of the pediment at the point B. 
With B as a center and with a radius equal to the distance from B 
to C (the extreme outside point of the horizontal cornice) draw an 
arc above the cornice. The point D, in which this arc intersects 
the axis, will be the highest point or "peak" of the pediment. Draw 
the lines DC and DE and the outline of the pediment will be 
complete. 




In plate XXXIII is represented a portico of the Ionic Order 
with three intercolumniations which forms the front of an edifice 
intended for a hall or temple. The plan is a parallelogram of 
which the front or portico occupies one of the smaller sides, 

SUPERPOSITION OF THE ORDERS. 

116. The principles governing superposition, or the use of 
orders one above the other, as we find them in many of the Roman 
and Renaissance buildings, is that the natural method is followed 
in placing a lighter and apparently more delicate order above one 
of greater strength. For instance, the Tuscan should never be 
other than the lowest order, and the Doric should be placed above 
this. As we have already seen, however, the Tuscan Order may 
better be omitted and the Doric Order may be placed in the lowest 
story with the Ionic and Corinthian above in the order named. 
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117. It sometimes happens that the same order is employed 
in two different stories, in which case the upper example should be 
more slender and of less diameter than that below. This rule 
holds good for any superposition of the orders. Usually the base 
diameter of the shaft above is the same as the diameter at the 
neck of the shaft below. In section, or in side elevation, it is the 
practice to make each order recede slightly from the face of 
the one below. In other words, the base or square plinth beneath 
the column in the upper story should be plumb with the face 
of the frieze of the order of the story below. This gives an 
appearance of stability which is quite appreciable and prevents 
the upper orders from seeming to overpower and overweigh the 
orders below. 

118. If columns are coupled and set exactly over each other, 
there is slight tendency for the space between the columns in the 
upper story to seem too wide. This may be avoided by taking the 
center line of the space between the lowest couple and then draw 
the columns in toward each other on each successive story; keep- 
ing them in the same relation to each other and equally spaced 
on each side of the center line. 

119. Facades of edifices of two stories sometimes have an 
order occupying the whole height of the upper story, the lower 
story being treated as a pedestal for this order. An example of 
this combination is seen in Fig. 21. The lower story pr ground 
floor, raised on three steps, is composed of an arcade crowned by 
an entablature to which may be aiDplied the details of the Tuscan 
order. Above this entablature is a Tuscan or a Doric order with 
arches whose axes corresix^nd to those of the lower arches. This 
order is raised on a double plinth which forms the base of the 
arcade. 

120. The use of an order in the upper story of a two-storied 
facade offers few difficulties and generally produces a good effect; 
the proportional height of the base to the order which surmounts 
it depends entirely on the height of the stories. In this plate the 
height of the ground story of the facade has been assumed to be 
six entablatures of the second-story order. 

121. The succeeding plates offer an opportunity to study tlie 
various methods and combinations in which columns attached to a 
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wall, and called ''engaged columns," are used. Such columns were 
much employed by the ancient Romans in a manner which modem 
architects have fn^quently imitated. The engaged columns form a 
projecting part that in certain instances adds greatly to the per- 
s^xjctive effect of a facade, and sometimes serves also as an addi- 
tional support; but in many instances pilasters would be preferable, 
eRi)ecially on the angles of a building. The columns are generally 
(»ngaged in the walls for from one-third to one-quarter of their 
diameter. 

122. The Romans have also left famous examples of super- 
position of the onl(»rs in the faciides of their theatres and amphi- 
theatres, although such a combination is not considered as effec- 
tive as an oRler 8Uix?rix)sed on an arcade, as in Fig. 21. 

123. It has bt?en explained that the lower order in a sujjerix)- 
sition should be a little larger than the one next above it. In 
Fig. 22 the height of the ui^jx^r columns is three entablatures 
seventy-five parts of the lower onler, whose columns are four entab- 
latures in height (as is shown by the figures at the left-hand 
margin). 

The same rules have hovn observt^l in the two (exercises 
that follow. The Ionic onler, plac(»d above* the Doric in Fig. 23 is 
a little smaller than the Doric; the height of the column being but 
thrt»e Ens s(»veuty-five i>arts of the lower onler. The Ck)rinthian 
column ijlac(*d on tht? Ionic in Fig. 24 has but three Ens seventy 
parts of the height of the Ionic. This will give in each instance 
for the column of the upix^j* order a lower diameter that is substan- 
tially the same as the up^x^r dianu4,er of th(^ column over which it 
is placi»d. At the same time the lu»ight of the second story, as 
well as the arclu^s and column tliere used, is reduced proportion- 
ally, unless the colunm shafts be att(*nuated Ix^yond the rule here 
employed 

124. Taking the h(*ight of three entablatures and seventy-five* 
l)arts of the first story order, for the total height of the columns in 
the second-story order in Fig. 22 by re-dividing that height into 
four parts, it is easy to ascertain the height of the second-story 
entablature in relation to the coliman with which it is used. 

125. In elevation it will be seen that the piers of the 
second story (Fig. 22) are not as wide as those of the story below, 
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by an appreciable amount. Although the figures given show a 
(lifiference of only five parts, it must be remembered that the unit 
employed in the upper order is smaller than that used in the lower 
story, and therefore the difference is somewhat more than that 
which tiie actual figures suggest. 

126. By referring to the section (Fig. 22) it will be seen that 
in this example the second-story column shaft at the base, lines 
with the frieze and column shaft at the neck of the order below, 
while the second-story pedestal and column base project beyond 
this line. This arrangement allocs the center line of the second- 
story column to be over the center line of the column below. 

127. In Fig. 23 another methoa is followed; here the face of 
the pedestal or die of the second-story order is placed in plane 
with the frieze and column neck below, when it becomes impossi- 
ble for the center line of the columns to coincide; there being, as 
shown by the dotted line in the section, a difference of eight parts 
between these center lines. 

128. « In Fig. 24 again, we find that the base of the shaft of 
the second-story order lines with the neck of the shaft below. 

129. Where a pedestal is given to a second-story super-im- 
posed order, except under exceptional circumstances, the method 
shown in Fig. 23 would probably be most certain of making a 
favorable impression upon the observer, although it might be pos- 
sible that a compromise between the methods shown in Figs. 23 
and 24 would better solve the problem. Such a question must be 
decided by the judgment of the designer. It might be said, how- 
ever, that where the. second-story column is placed upon the entab- 
lature of the first-story order without the interposition of a( 
pi^destal, the best effect would invariably be obtained by directly 
lining -in section^the face of the foot of the second-story column 
shaft with the face of the neck of the shaft below. 

130. The facade shown in Fig. 22 is composed of two rows of 
super-imposed arches, one of the Tuscan and the other of the Doric 
Order, each pier carrying on its face an attached column shaft. 

The Doric Order is raised on a support forming a pedestal 
and having a cap and base. 

131. Fig. 23 is a facade of two stories, with the Ionic Order 
placed over tlie Doric Order. The columns are engaged in the 
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wall which is pierced with arches between the lower columns, 
and with rectangular windows between the upper columns. The 
windows are ornamented with frames or architraves with an outer 
pilaster finish carrying consoles, the whole being surmounted by 
an entablature with a pediment. The details of these parts should 
be taken from the examples of similar details shown in Phite 
XXVIII. 

The support or pedestal of the Ionic Order forms a balustnide 
in the bay of the window. 

132. In Fig. 24 is shown a section of a facade of two stories 
where the Ionic Order is used with the Corinthian above it. The 
columns are placed between arches, forming an arcaded gallery. 
The windows shown are found in the wall at the back of the gal- 
lery, and the upper entablature is surmounted by a parapet wall or 
balustrade. 

EXAMINATION PLATES 

133. The student who has followed closely this analysis 
with its application, will have an intelligent knowledge of the 
Orders, and may put his knowledge to practical use in the exor- 
cises which follow. 

IN GENERAL. 

In laying out, from the descriptions and plates, the various 
problems which follow, some differences from the proportions 
already given may occasionally be found. These differences, in 
all cases attendant upon some ethical reason or principle of the 
problem involved, must be understood by the student before he 
attempts to apply the theoretical knowledge of the orders already 
acquired. Then, from the general dimensions given to d(*termine 
the proportions of the problems, he will find it possible to com- 
plete the design by the application of the various details shown in 
the preceding plates. These exercises require the ajjplication of 
what the student has previously learned, to actual — if academic — 
problems, while they will also serve to illustrate such details as 
the proportions of arcades and openings, and the spacing of 
columns and of piers. 

134. These exercises must be drawn out in pencil before ink- 
ing in any parts of the drawing. The jJan is the prime essential 



355 



52 THE ROMAN ORDERS 



and should bo first detenniiuHl and drawn out. In starting a 
drawing, either in jJan or elevation, the general principles given in 
IKiragraphs 5, 6, 9, 10, and 11 should bo observed. The center line 
or axis must first be establishtnl in order to determine the relation 
and the placing of the drawing upon the paper. 

135. The dimension figures given throughout these exercises 
may be omitttnl from the drawing; but all the lettering, both large 
and small, must bo included. The plate must be signtnl and dated 
in the lower left or right-hand corner, and sent to the School for 
correction and criticism. The plati^s must be taken up and drawn 
out in the order giv(»n and the first plates submitted when three 
are completed in order that the student may profit by the instruc- 
tor's corrections as he progress(»s with his work. 

The Examination for this Instruction Paj)er consists of fifteen plates, 
which should bo sent to the School in six instahuents: 

1st Instalment A, B, and C, 4th Instalment I, J, and K, 

2nd " I) and E, oth " L and M, 

3rd " F, (i, and H, 6th " X and O. 

Each Instalment should be sent as soon as completed. 

The pajx^r for these iJates should be purchased in sheets 
22 inches X *iO inches. (Imperial size). Some of the x^lates are 
to be 11 X 15 inches (J of ImptTial size*) with border line ^ inch 
inside, making panel 10 inches X 14 inches. Others are to be 
13 X IB inside of border line, for which use ^ an Imperial sheet; 
while a few will require the whole sheet and should be 20 inches X 
28 inches inside of border lines. 

PLATES A AND B. 

136. These exercises are shown in Fig. 4 and Plate II respec- 
tively. Fig. 4 should be drawn to tlie size shown in the margin, 
(»ach unit representing one inch. Th(»r(»fore the finished plates 
will be 10" X 14" in size. Plate B should be an accurate copy of 
Plate II. Leave out dimensions. 

PLATE C. 

137. The sheet of moiddings shown in Fig. 5, is to be redrawn 
on a plate whose border line is 10" X 14*. The names of the mould- 
intrs with the general title of the plate should be lettered in, 
following as closely as possible the model illustration. 
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PLATE D. 

138. Draw a plate to the border-line size of 10''xl4'' and 
arrange after the manner shown in Plate VIII, assembling the 
various details of the Doric Order shown in Plates III, IV, V and 
VI, and following the measurements for the separate parts therein 
given. The placing of these details on the plate, with their rela- 
tive size, lettering, etc., is to be as shown in the model, Plate VIII. 
Either the Mutular or the Denticular Order may be drawn out, as 
the student may prefer. 

PLATE E. 

139. The Ionic Order is to be drawn and the finished plate is 
to correspond in apptjarance and arrang(*ment with the model, 
Plate XIIT, and is to follow the construction and proportions 
given in plates X, XI and XII. 

PLATE F. 

140. The Corinthian Order is to be drawn so as to resemble 
the model, Plate XXI, and is to follow the measurements, propor- 
tions, etc., of Plates XVTI, XVIII and XIX. Plates XV and XVI 
should assist materially in understanding the method of drawing 
the Corinthian capital shown in Plate XVII. 

PLATE G. 

141. The arched doorway of the Denticular Doric Order, shown 
blocked out in rough outline in Fig. 25, is to be drawn to follow the 
general dimensions, and to include all tlie details given in the 
plates of that order. The border line should be 20x28 inches in 
size. 

The width of the archway is two and one-half entablatures, 
and the columns, from ct^iter to center, are three entablatures and 
sixty parts apart. The heights, and the placing of the plan and 
elevation on the jDlate, will all be easily ascertaincnl by following 
the inch units shown against the border line. Fig. 25. 

PLATE H. 

142. The archway of the Ionic Order shown in PlaCe XXII is 
to be redrawn with the same outline size as in Plate G. The 
width of the Ionic arch is two and one-quarter entablatures, and 



861 



54 



THE ROMAN ORDERS 



■K — T 



'r 'ft '7 '• ■« 'w '«. 'M 'ta '« ''^ ''* ''7 '•• 

-DORIC -ORDER,- 



7s 




S 



-EllvXtion 



K^ 



\ 



^La 



Z l-n.* SO 



• %i £iv< 4o ' 



-plan^ 



c 



„-l-.. 



-AJeCHED - DOORWJ\y 



-A 



Fig. 25. 

its height is equal to twice its width, an accepted general rule for 
proportioning arches. The archway is ornamented with two col- 
umns placed before pilasters, which are in turn set against the 
face of the piers. 
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Api)ly to this exercise all the dc^tails of the preceding studies 
in the Ionic Order and draw out, as shown in this plate, the plan, 
the half elevation, and the section. 

PLATE I. 

143. As an application of the study of the Corinthian Order, 
draw out an archway similar to that of the Ionic Order just 
described. The drawing should show a plan, section, and half 
elevation, but should follow the proportions and dimensions 
given in the plates of the Corinthian Order. The columns are 
spaced about 3 entablatures and 40 i>arts and the center of the 
archivolt is occupied by a keystone ornamented with the console 
shown in Fig. 16. 

This problem is exactly like the ijroblem of the arched door- 
\vay in the Ionic order except for the fact that the proportions and 
details are those of the Corinthian Order. The distance 3 En..40 
from center to center of the columns is the only dimension given 
for this plate. The student is expected to obtain all the other 
n<»cessary dimensions from his study of the precwling plates. 

144. In drawing this problem, which will be on a smaller 
scale than the Corinthian Order x>lates drawn before, the student 
should piy particular attention to the proportions of the parts. 
Some little difficulty may be experienced in laying out the smaller 
members. While at such a scale it may seem impracticable to 
draw these members in th(ur true relative size, still, the general 
l^roportions of the details of the onler may be clearly indicated, if 
carefully studitxl and drawn. The sh(»et should be 20" X28''. This 
size is given so that the student will experience as little difficulty 
as ix>ssible with the smaller members and still have the drawing of 
a convenient size. Begin by drawing a vertical center line and on 
each side of this lay out the center lines of the columns. 

PLATE J. 

145. This exercise requires that the student use the Tuscan 
Order shown in Fig. 6, and the details shown in Plate II. This 
order is required because it will be found easier to use in these 
early problems on account of the large scale of the mouldings and 
the few lines required in their delineation. It is to be drawTi out 
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to the size of 13' Xl8' and is to follow in appearance and arrange- 
ment, Plate XXIII. On this plate the plan is completely shown, 
while the elevation is merely blocked out in the rough, in order 
that the student in completing it may have independent practice 
in the use of the order. 

This problem dis^Jays the inner corner of a square or rectan- 
gular court yard, whic^li is surromidt*d by an arcade composed of the 
Tuscan pilaster and archway. The floor of the gallery is raised 
three steps of fifteen parts each, above the level of the court. 

146. The gallery is vaulted with semi-circular vaults; that 
is, vaults whose form is a semi-circumference. A vault formed 
of a semi-circular arch, without penetrations throughout its 
whole lengtli, is called a barrel vault. Two vaults of the same 
radius which intersect each other form what is called a groined 
vault, because of the hips or groins which mark their intersection. 
The vaults over this gallery are barrel vaults, which, by their inter- 
sections at the angles as well as by the penetrations of the barrel 
vaults which correspond to the arches of the gallery, form groined 
vaults. The dotted diagonal lines on the plan show the groins of 
the vaults. Tlie width of the gallery is two entablatures and forty 
parts, this width being equal to the distance between the pilasters 
of the facade. The groined vaults are separatt»d by a space of 
fifty-five parts, that is, a distance equal to the width of the pilaster. 

PLATE K. 

147. This exercise is to be drawn out at the same size as the 
one just given, 13'xl8\ and the plate numbered XXIV is to be 
accurately coi^ied. The subject of this exercise is a gallery in 
the Doric Order w-ith arches, surroimding a court or garden. The 
arches rest uix)n piers, decorated on their faces with a couple 
of i^ilasters spaced under alternate triglyphs. The space between 
the i)ilasters, occupied by the arches of the arcade, is determined 
by the spacing of the triglyphs, four of which occur over the 
arches. These pilasters are rex)eated in the interior of the gallery, 
which is covered by a flat ceiling, supported by an entablature 
whose details are shown on the lower portion of the plate. The 
ceiling over the corner is separated from that of the rest of the 
gallery by entablatures and arches resting on pilasters advancing 
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from the faces of the corner piers. This combination is shown in 

dotted lines on the plan. The gallery arches are repeated on the 

blank wall which encloses the gallery. The jexterior entablature is 

surmounted by a plain parapet or balustrade, as the roof of the 

gallery is flat and would be accessible from the second story of the 

edifice. 

PLATE L. 

148. This exercise is fully drawn out in Plate XXV, and 
should be copied by the student at the same size as the ones just 
I)receding. In this example we have shown a gallery with colon- 
nade; no arches being employed in the problem. 

Here we h.ave another possible treatment for a gallery Bur- 
Bounding a court or garden. It is that of a portico or colonnade, 
with a flat ceiling, the angles being strengthened by square piers, 
against each face of which a half pilaster is placed. This causes 
two pilasters to occur in line with the columns, and the other two 
to face toward the interior of the gallery, with two other half pilas- 
ters projecting from the surrounding walls, opposite them. The 
architrave of the connecting entablature forms a soffit between 
them, as the dotted lines of the plan indicate. 

149. The surrounding walls are pierced by doors on the 
longitudinal axes of the gallery. These doors are surrounded by 
moulded architraves and crowned by entablatures or door caps. A 
wainscot, or dado, is formed by a string course ornamented with a 
Vitruvian scroll or wave (this is the term applied to the ornament 
whose detail is given on this plate at E). A plinth, or base, corre- 
sjxjnding in height to the base of the column, runs around th(* 
walls; its crowning moulding being formed of the fillet and bt»ad 
of the column base. The astragal of the cai^itals also continues 
around the walls, which, in addition, are decorated with panels 
intended to receive mural paintings. The flat ceiling, or soffit, of 
this gallery is similar to that of the preceding exercise and is sup- 
ported or surrounded by the same entablature. The sloping roof 
is formed of sheets of zinc or lead corresponding in width to 
the spacing of the triglyphs, and with lips or rolls formed by tht? 
interlocking edges of the sheets. On the same axis with each lip is 
an antefix placed above the cornice, and shown in detail at F on this 
plate. In the cornice is formed a gutter for the removal of rainwater, 
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PLATE M. 

150. Tho student is required to design »n arcade and gallery 
using the Ionic Order. This gallery is to be similar in treatment 
to the one shown in Plate XXIII, where the Tuscan Order 
is employed. Tb© plan of this gallery is shown in Fig, 
2I>, while a perspective sketch of the spring of the arches on 
an interior angle is shown in Fig. 27. On the plan is indi- 
c^ited in dotted lines the form of the arching ceiling over 



Fig. 26. 

this gallery. It is simply described as a barrel vault with 
the p('netnition from each side of arches of a less height and 
radius. The perspective sketch shows the method of treating the 
impost moulding on the interior, breaking it around the various 
pilasters forming the comer pier. On the exterior, the entablature 
is crowned by a balustrade coniposi'd of balusters similar to those 
shown in Plate XXXIV. The plan will give the width of the 
arched openings which, as we have already seen in other examples 
of the Ionic Order, are in height twice th<'ir width. This will 
determine all the remaining proportions of the exercise, which is 
to be drawn of the same dimensions as the preceding plates, 
13x18 inches. 
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PLATE N. 

151. In Plato XXVI the Corinthian Ortler is us«l for 
omanitinting the final or crowning story of a Campanile or classic 
belfry. This problem is simply that of the arch plaottl between 
columns, which we have already seen in Plate I; the entabla- 
ture being crowned with a pediment and such other modifications 
Ix^ing made as the problem suggests. The student is re<inired 
to draw out this plate at the same size as those preceding. 



Fig. 27. 
13' XlS", or if he desires he may substitute the Ionic Order and 
adapt its proportions and details to the same plan. 

This upper portion of a Campanile may belong to a church, a 
city hall, or any other important edifice. The four facades are the 
same; each is composed of an arch flanked by two pilasters, carry- 
ing an entablature, a pediment, and a parapet. Each facade makes 
a projection from the mass of the tower. The four pediments 
I)enetrate the plain parapet which will, in turn, be surmounted by 
a roof or cuix>Ia. The interior is covered by a dome with penden- 
tives (see paragraphs 157-158). 

PLATE O. 

152. Pkte O is shown in Plate XXVTI. This exercise 
leqnirea merely the application of the arch and column of an 
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arched doorway of the Tuscan Order to an actual problem; in this 
instance, arbitnirally termtHl a "guard house," the student is 
required to arrange his drawing on a sheet of the same size as in 
the previous example, and as shown in this plate. The plan and 
details being given, he must draw out the elevation. 

153. The central piirt of the plan in this exercise is a porch, 
with arches, giving acc(»88 by three doors to rooms placed on each 
side of the entrance, and to a hall or larger room at the rear. 

154. W(^ have calltHl this problem a guard-house, because the 
disix>sition of the plan and the architectural character of tho 
facade are well adapted to a i^roblem of this character. The edi- 
fice may be conipletcnl by adding to its dei)th tVro pilasters or 
bays on each side, two entablatures and seventy parts (2 En. 70) 
apart from axis to axis; and in this way the lateral facade would 
be comi)Osed of three biiys between pilasters, with an oi_x?ning 
in each bay; the jmrt added to the jJan forms a large hall to which 
the door placed at the back of the porch gives access. This hall 
would then bti lightc^d laterally by two windows on each side. The 
princixxil facade has a i)rojection formed by two columns placed 
on ix}destals and backed by two pilastt^rs. 

All the unanalyzed or new details of the Tuscan Order used in 
this exercise are shown at a larger scale on this plate. The 
interior entablature of this probh^m is the same as the exterior. 

This (roncliulos the re<iuired Examination: the remaining plates are 
given as a guide for students desiring to do further work by themselves. 

PLATE P. 

155. The entrance pavilion in the Ionic Order, shown in 
Plate XXVnr, is a problem siniihir to the one that hns just b(*en 
tnken u]). The student is riMpiiretl to reproduce this i)late at th(» 
hir^e siz(» to which he has already drawn Plate* O, with border line 
of 13x18 inches. 

The small edifice is such as might be used at the entrance to 
certain public buildings, its plan — the same as that of the guard 
house — being composed of a porch with a room upon either side. 
One of these rooms might be the lodge for a porter, the other 
might bi» a tick(»t offic(\ One quarter of the i)lan only is given as 
the arrangement is the same on the other sides of the axes. 
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156. The front is comjxjsed of three divisions separated by 
columns or pilasters. In the center is the archway of the porch 
and at each side is a window whose sill is supported by consoles, 
and surmounting the outside frame are consoles of a different char- 
acter which support the coniice and pediment. These details are 
shown in A, B and C on this plate. The same details may be 
applied to the door of the porch. 

The windows at the side are similar to those on the principal 
elevation. The entablature is surmounted by a balustrade dividcnl 
by pedestals carrying vases; the details of these balusters and of 
the vases are shown on this plate. 

157. The porch is square in plan but has a ceiling or "cupola" 
in the form of a dome or spherical vault; that is, the ceiling has 
the shape of a segment of a 
sphere, whose radius is 2-En and 
20 parts, as shown in the sectional 
elevation in Plate XXVIII. This 
kind of ceiling requires explan- 
ation. The ceiling must be sup- 
ported on the walls of the porch, 
which is square in plan, but the 
domical ceiling is circular in 
plan; therefore a horizontal sec- 
tion of the porch at the point where the walls end and the ceiling 
begins will show a square for the section of tlie walls and a circle 
for the section of the ceiling. These two geometrical figures must 
be joined in some way so that the walls will support the ceiling 
and the ceiling cover all the space enclosed by the walls. 

Whenever a square space is to be covered by a dome, the semi- 
diagonal of the square may be taken as the radius for the circle 
which forms the base or springing line of the dome. Fig. 28 shows 
at A B C D such a square and circle. If the four walls which 
form the sides of the square building are now continued upward, 
they will cut into the spherical segment whose base is represented 
by the circle, since this circle overhangs the square on all four 
sides. The figures cut from the domical surface by the walls will 
be segments of circles, — the intersection of a plane with a se^gment 
of a sjjhere. These segments of circles are shown in plate XXVIII 
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as the Bomi-circiilar arches of radius 1-En and 50 parts, which cover 
the doorways. A horizontal section taken through the dome at the 
elt*vation of the crowns of these circular s^ments will show a 
circle which (in plan) will be inscribed in the square formed by the 
four walls, as shown by the smaller circle EFGH in Pig. 27. 
This circle is also shown dotted in the plan in Plate XXVIII. 

The spherical surface which forms the ceiling of the porch has 
now been cut into, first by the four walls as they are continued 
upward from the springing line ( A B C D) of the dome, and second . 
by a horizontal plane (E P G H) passing through the crowns of 
the four arches cut from the sphere by the walls. All that is left 
of the spherical surface is a triangular segment E D H in each 
comer. This porti6n of the ceiling is called the pendentive. In 
Plate XXyill an elevation of the pendentive is shown at P. 

158. The horizontal plane at the crowns of the arches cuts 
out from the spherical surface a circle (E P G H), which may now 
hi} covered over by a dome, or segment of a sphere, which may 
spring directly from it. In Plate XXVIII this circle is represented 
in elevation by the first horizontal line of mouldings above the 
arches. In this particular c^se, the domical ceiling or cupola does 
not sirring directly from this circle but a small cylindrical band, or 
entablature, is built up above it for a height of 90 parts, from the 
top of which the ceiling springs. 

PLATE Q. 

159. The subject of this exercise (Plate XXIX) is a com- 
memorative chapel of the Denticular Doric Order, and is to be 
drawn at the size indicaUni — 13''XlB^ This is the first of three 
exercises where a dome plays an important part in the exterior 
effect of an edifice. In any study, in elevation, of a building 
(Miiploying a dome or cylindrical story, it must be remembered 
tliat, in perspective, that portion which is circular in plan looks 
consid(»rably smaller with reference to the square base from which 
it springs, than it does in any elevation, — on account of the differ- 
ence in plan between a square, and a circle which is contained 
within such a square; — in other words, the circle remains of the 
same diameter if seen from any point; while an object square in 
plan, seen from any other position than in direct elevation, has its 
width considerably increased by the projecting comers. 
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160. The plan of the chapel is a square, having on the side 
of the principal facade, a projection formed by two columns 
placed upon i)edestals and enclosing" an arch whose proportions are 
like those of Fig. 25, this projection being crowned by a pediment. 
The opposite side has a semi-circular projection, in which is located 
a niche in which the altar may be placed. 

161. The entablature surrounds the entire building, but the 
triglyphs are found only beneath the projecting pediment of the 
main facade. The building itself is surmounted by a low attic in 
the form of a plain parapet, above which are two steps forming a 
base for the domical roof. 

162. The interior of the chapel is a square with its floor 
raised three steps above the exterior level. In the comers are 
pilasters forty parts in width and fifteen in projection; these pilas- 
ters, and also the entablature which surmounts them, are repetitions 
of the exterior order. The ceiling is a semi-circular vault or dome. 

163. At the side of the facade is indicated the commencement 
of a retaining wall, with a grille, which might be continued to 
enclose a plot of land. 

PLATE R. 

164. Exercise R is a circular temple (Plate XXX, and plan 
Pig. 29) with a pedimented porch or portico, showing the use of 
the order set upon a dado around the interior walls. The ceiling 
is domical, with an opening in the center, and is ornamented on 
the under side by a series of recessed panels called caissons or 
coflfers. This plate, like the one preceding, is to be drawn at the 
size of 13x18 inches. 

165. Plate XXX shows an Ionic portico or porch attached to 
an edifice circular in form. The circular hall is six entablatures 
twenty parts in diameter, and the thickness of the wall is fifty parts. 
The perimeter of the hall is divided by pilasters of a smaller order 
than that on the exterior into twelve bays, as shown in the plan in 
Fig. 29. The diflference in size is due to the pedestal, ninety parts 
in height, on which the pilasters are placed. 

The scale for this interior order is obtained by dividing the 
total height of the pilaster and its entablature into five parts (each 
part representing one entablature of the interior order). 
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166. This circular hall is covered by a spherical cupola or 
.dom(% dividc^l into caissons or coifers, the drawing of which consti- 
tutes the most int(»restiii^ jxirt of this exercise; it will therefore 
be explained as cU^arly as ix)ssible. It is illustrated on Plate XXX. 

167. The projection of the interior pilasters being ten parts 
(at the scale of that order) from the face of the wall, the interior 
diameter of the springing of the cupola is six entablatures. Draw 
a half plan of the cupola, dividing its circumference into twelve 
equal parts and then draw the radii; lay off on each one of these 
radii, outside the circumfi^rence, the profile of a rib and the two 
coffers one on each side of the rib, each eighteen parts wide, and 
the two cotfiTs seven parts each and three parts in depth. Next 
draw in on the plan two semi-circles, one of thn^e entablatures and 
three* parts radius, the other of three entablatures six parts radius. 
Having thus established the whole profile of the springing of the 
cuix)la, draw from each division a radius to the center; then show 
above this plan, centering on the same axis, the section of the 
cupola, whose center will be found forty parts below the first hori- 
zontal course. This height of forty parts forms a cong6 with an 
astragal above the cornice. The cupola is divided ipto five rows 
of caissons whose height is relative to their width. Notice that 
the first band above the astragal is fifteen wide; draw the vertical 
line from the point A (section) to the point A (plan); draw the 
quarter circle A which intersects at E and F the lines of the rib. 
Take from the plan the width EF and lay it off from A to B along 
the curve on the stn^tion, thus obtaining the height of the first row 
of caissons. From the ix)int B (section) draw a vertical to the 
(plan) and draw the quarter circle through B' in plan intersecting 
the radii at G and H. This distance (Gr H) laid off along the 
curve from B to C shows the width of the second horizontal 
band. Now project the ix)int C (section) to C (plan) and draw 
the quarter circle C on which CD' will give the height of the 
second row of caissons which will be laid off from C to D along 
the curve in the section. Continue this operation up to the fifth 
row of caissons. As to the widths of the coffers, they are found on 
the plan of each row of caissons and consequently diminish gradu- 
ally with them. The profile of the caissons is formed in the 
section in this way and their location is found in plan. From 
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each angle of the profile of the caisson draw a horizontal line 
through the section ; this will give the horizontal lines on which all 
the points of intersection will be found in projecting the verticals 
from the corresponding points in the plan. Thus, from the point 
I (plan) which is found on the upper line of the topmost row of 
caissons, draw a vertical up to the point I (section) which is on 
the corresponding line in the section; from the point J (plan), 
which is found on the lower line of the same row of caissons, draw 
a vertical to the ix)int J (section). Thus the circle I (plan) is rep- 
resented in the section by the horizontal line I; the circle J, in 
the plan, by the horizontal J in section, the circles K, L, M, and 
N in plan by the horizontals K, L, M, and N of the section. The 
points of intersection of the radiating ribs in plan with the circu- 
lar segment I, should be projected vertically to the horizontal I in 
the section. Those of the circle J, to the horizontal J; those of 
the circles K, L, M, and N, to the corresponding horizontals in the 
section. In this manner on each horizontal of the section, are 
found the points by means of which the curves of the bands may 
be drawn. 

168. To draw the elevations of the stones of the circular part, 
it is necessary to show their location in plan, and, starting from the 
semi-pilaster which forms the junction of the portico with the cir- 
cular walls, the stones are of the same length ae those of the straight 
wall at the back of the portico. For the dentils of the circular 
cornice, the divisions in plan must also be made. The plan of 
this temple is shown in Fig. 29. 

PLATE S. 

169. In Plate XXXI is shown a temple that is entirely circu- 
lar in plan and surrounded by a circular colonnade of Corin- 
thian columns. The ceiling of the domed interior is similar to 
that of the building shown in Plate XXX, while the ceiling of the 
narrow ix)rch outside the wall of the building is ornamented with 

^coffers or panels, as is shown on the plan below. This temple is 
also to be drawn out to the size of 13x18 inches. 

170. The axis of the colonnade is a circle of a radius of three 
entablatures and twenty parts, this circle being divided into twenty 
equal parts which give the spacing of the columns. The width of 
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the ix>rtico, from the axis of th« coluuiiis to the circular wall whicb 
is thirty parts thick, is one Ea. The colonnade is raised on a 
circular platform readied by seveu sti^iw, while the floor of the 
hall is raised one step above this level. The entrance to this hall 
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is a doorway two entablatures seventy-nine parts in height by one 
entablature and twenty parts in width. Half of the plan shows 
the arrangement of the columns and shows that their capitals are 
placed square with the radii which pass through the columns. It 
will be necessary in drawing an elevation, to draw the plan of all 
the capitals since each one is seen in a different position, and it is 
only by means of the plan that tKe position of the details which 
make up the capital .can be determined. Notice that the plinths 
of the bases, which, up to the present time have been square in 
plan, are here circular because their comers would partially block 
up the spaces between the columns. The other quarter of the plan 
shows the disposition of the ceiling of the portico, the soffit of the 
exterior cornice, and the caissons of the cupola. 

171. The celling of the portico rests upon a small cornice and 
is divided into panels, which correspond to the columns and the 
spaces between the columns. In order to draw the caissons of the 
cuix)la, it will be necessary to repeat Plate R and go back to this 
study for the details of the lantern. 

PLATE T. 

172. In Plate XXXII is found a i)avilion in the Mutular 
Doric Order. It is tv. be drawn with the border line of the same 
size as in the other plates, but, by omitting the plan here shown, 
it will be possible to increase the height of the building consider- 
ably and still bring it within the outlines of the drawing. 

173. This small building is raised ten steps above the level 
of a garden, and is composed of a portico "in antis," giving access 
to the room beyond. The plan forms a square from center to cen- 
ter of the comer pilasters. This dimension corresponds to nine 
divisions, center to center, of the triglyphs in the entablature. 

174. The four pilasters of the lateral facade form three regu- 
lar bays of three spacings of the triglyphs. The intercolumniation 
in the center of the principal facade or portico is three entabla- 
tures, five times the distance from the center of one triglyph to the 
center of another, which is sixty parts, and the space between the 
antae and the columns is one entablature and twenty parts, or twice 
the distance between the triglyphs, center to center. The depth 
of the portico corresjDonds to one bay of the pilasters of the lateral 
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facade, and the divisions of the pilasters of the rear facade cor- 
respond to the columns of the portico. In the middle of this rear 
facade is found d window which lights the interior; this window is 
twice its width in height and is placed above a wainscot of the 
height (1 En) shown in the section. 

175. The entrance door is decorated with a frame similar to 
that in Plate XXV, and has an Entablature with a pediment whose 
details are given on this plate at C. The entablature which sur- 
rounds the ceiling of the portico and of the hall is also the same as 
was used in Plate XXV. 

176. The bases of wall and portico, and of the lateral and rear 
facades, are composed of a plain pedestal, or dado, one entablature 
in height, and with a rusticated part three entablatures high. 
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"Rusticated" applies to masonry work in which the joints are 
strongly emphasized. The dado has a plinth base of a height cor- 
responding to the height of the column base, and a cap fourteen 
parts high. The bead and cong6 of the bases continue around and 
above this plinth; the rusticated stones are alternately twenty-six 
and sixty-eight parts wide with sinkages of two parts. 

177. The roof is pyramidal in form and is crowned by a pine- 
apple, of which the detail is given at D in this plate, XXXII, and 
the balustrade shown at the left-hand side of the facade would be 
the rail of a terrace on the edge of which this pavilion is located. 
This t(Trace, although the pavilion does not communicate with it, 
would be accessible by flights of stops plactni laterally. For this 



3D0 



THE ROMAN ORDERS 69 

the student may exercise his own imagination, and draw out sepa- 
rately at a smaller scale a plan giving his idea of the general 
arrangement. 

PLATE U. 

178. The facade of a Doric temple is to be drawn by the 
student from the plan shown in Fig. 30. The measurements nec- 
essary for the placing of the columns are here given, and further 
than this he is to supply their proper proportions and heights, as 
well as the necessary details, from the various drawings illustrat- 
ing this order, which he has already studied. The four-columned 
portico on the front is crowned with a pediment, the proportions of 
which must be ascertained after the principle shown in Plates 
XXXII OP XXXTII. This plate is to be drawn out with the 
border lines 20" X28'' in size. 

179. The proportions and general scheme for laying out this 
problem will be found in the illustration of the Ionic Portico, 
Platd XXXIII. The various details both for the exterior entabla- 
ture and for the entablature inside the temple, as well as the archi- 
traves for the entrance door, have already been given. The main 
facade or front elevation should be drawn to the center line which 
pisses through the apex of the pediment and through the axis of 
the doorway. The section on this plate may be omitted, in which 
particular there will be a difference between this problem and the 
problem of the Ionic Order. In the plan it will be notic^ that 
half has been shown with a pedestal, while the other half rests 
directly on a platform or ''stylobate." It would be better to draw this 
order with a pedestal and to indicate by a dotted line the contour 
of the steps leading from the stylobate to the ground. The 
method of constructing the slope of the pediment has already been 
explained, and has also been shown on Plate XXXIII. This is 
essentially the same problem as that given under the Ionic Order, 
but the details and the proportions, it will be seen, are distinctly 
different. 

PLATE V. 

180. The Ionic Temple, with portico, shown in Plate XXXIII 
is to be drawn at the same size as the last plate, 20' X28'. These 
two drawings when finished should resemble each other, save that 
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in the preceding exercise the full facade of the temple is shown, 
while in this plate of the Ionic Order a half facade and section are 
to be combined as illustrated. 

181. The exterior face of the wall is formed with rusticated 
joints, that is to say, the joints of the stones form triangular 
recesses or grooves as shown at C, Plate XXIX. This decorative 
scheme is at the same time a logical construction beciiuse, the 
angles of the stones being obtuse, the edges are less liable to be 
broken off. ^ 

PLATE W. 

182. This exercise is one of superposition and, as the same 
principle may be applied throughout the use of the other orders, it 
is believed that one drawing devoted to this subject will be ami>ly 
sufficient. The student is required to r(*i)roduce the drawing 
shown in Fig. 23, at the size of IS^XlS' and to comx)lete in his 
drawing all the details of the mouldings, windows, doorways, etc., 
where the same are only blocktHl in upon this figure. The con- 
siderations in regard to superposition, stated in the text in para- 
graphs 116 to 132, must be carefully observed. 

PLATE X. 

183. The subject of this study, Plate X, is the central 

• 

part of the facade of an edifice; assmne it is to be a library or 
public building of a similar character. The Corinthian Order is 
raist^i on a series of pedestals. The interior level of the edifice is 
raised above the exterior ground level and is reached by a stair- 
case which will prove to be an interesting part of this study. This 
staircase is in two parts, each part composed of two flights with an 
intermediate landing. The first flight has twelve risers up to the 
landing; the second has eight risers up to the top of a wide land- 
ing which is placiKi before the entrance and on the axis of the 
edific>e. A balustrade with two pedestals, on which might be placed 
statues or candelabras, surmounts the supporting wall of the land- 
ing. This supporting wall is finished on each side by a pillar on 
which is placed a vase, and is decorated w4th rusticated joints. 
The central part, corresponding to the balustrade, forms a projec 
tion; a niche decorated w^ith a fountain and semi-circular basin 
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would be practicable below this space. The entrance door of the 
edifice is in the form of an arch, covered with a pediment of the 
Ionic Order. The Corinthian columns forming the comers of the 
projection are coupled, that is to say, the space which separates 
them is less than the minimum of the regular intercolumniation. 

184. The student is required to design, arrange and draw 
upon a plate, the size of 20' X 28', some such problem as is shown in 
Plate XXXIV, termed an Entrance or Monumental Approach. He 
may use any orders that he may choose for this problem, but should 
remember to maintain a proper relation between them in scale and 
size. He must not follow exactly this arrangement but must intro- 
duce such a variety in the plan as will give him a problem in ele- 
vation different from the one here solved. 
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